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1 INTRODUCTION

Empirical evaluation of the reliability, accuracy, and repreducibility of vital signs monitoring
(VSM) devices hos historically been an intractable problem. In the civilian sector, the problem has
been partially circumvented by drastically limiting the prescribed operational environment
requirements.

In the case of military VSM devices, it is impossible to drastically constrain the operational
environment requirements. Military vital signs monitors must perfcrm reliably in ¢onventional and
NBC warfare situations, across extreme temperatures, over unique garments, in high noise and
vibration environments, over a wide range of altitudes, and in contaminated surroundings. These
severe operational requirements have prompted the Army, Air Force, and Navy to invest many
millions of dollars over the past six years in an effort to develop a system capabie of supporting
hattlefield casualties. As a consequence, the unique requirements of the DoD and the extensive
funding of this res2arch and development effort have resulted in significant advances in the state-
of-the-art of vital signs monitoring instrumentation.

While these advances greatly surpass commercially available technology, they have not been
accompanied by comparable advances in requisite test and evaluation methodology and
instrumentation. As a result, we pow find ourselves in the disheartening position of having
sophisticated, high performance devices, but grossly inadequate methodology and instrumentation
for credible evaluation of device reliability, accuracy, and reproducibility.

The purpose of this research and development effort is the development of testing and
evaluation methodology and instrumentation which wiil permit the credible evaluation of VSM
devices in both the advancad development phase and in the production quality control phase.

2 BACKGROUND

The task of evaluatinz medical devices for military deployment inciudes the determination
of device survivability and fu1ctional performance. The issue of VSM device survivability can be
adequately determined with existing test and evaluation (T&E) metiodology and instrumentation.
These procedures are documented in various military standards documents (e.g., MIL-STD 810D,
461, 462, etc.). In contrast to this, the issue of VSM device functional performance is not covered
by any applicable military T&E standards; thus, guidance is sought from civilian/commercial

*Use or disclosure of report data is
subject to the restriction on the Title
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standards.

At the present time the Food and Drug Administration (FDA) has not promulgated
performance standards for vital signs monitors that determine blood pressure and heart rate. The
FDA's principal function regarding medical aevices is to verify safety and manuracturers’ claims
regarding performance. The FDA informally employs a voluntary industry performance standard
promulgated by the Association for the Advancement of Medical Instrumentation (AAMI SP-10) for
the assessment of electronic blood pressure monitors. With regard to heart rate, we are not aware of
any FDA or non-FDA performance standards.

AAMI SP-1C requires clinical evaluation of electronic blood pressure monitors. For each
functional performance test condition, a minimum of fifty noninvasively instrumented human
subjects or fiftzen invasively instrumented human subjects are required.

Since commercial civilian devices normaily have only ONE test condition (rcom temperature,
bare arm. NO noise or vibration, near sea-level altitude), the experimental risk involved with the use
of fifteen invasively instrumented human subjects {fluoroscopically instrumented with an intra-
arteriai catheter) is relatively small. However, if many different combinations of test conditions are
required (as is the case with military requirements), the associated risk to human volunteers rapidly
increases to a level at which invasive testing is not justifiable.

The alternative 10 invasive testing is to noninvasively instrument the human test subjects.
The AAMI standard requires a minimum of fifty such human subjects (having a wide range of blood
pressures) and requires that the device perfurmance be determined by comparison to the auscultatory
method (detection of Korotkoff sounds via s stethoscope by a trained technician). In addition to the
fact that multiple test conditions require multiple measurements on the 50+ human subjects, using
the auscultatory method as a standard presents 3 MAJOR problem for testing under military
operational conditions. The auscuitatory method DOES NOT work in high noise and vibration
environments; it is very uareliable when obtained through heavy garments (such as MOPP gear), and
is biased by the subjectivity of the measurement obtained by the technician!. While this subjectivity
errar can be controtled under normal conditions, testing uncer adverse conditions (e.g., extreme heat
or coid) will significantly confound the measurement, necessitating that the experimeuntal design
include maany more measurements than normally than are normally required.

Furthermore, the blood pressure and heart rate are very labile physiclogical parameters - they
~an change dramatically in very short time periods. Reasons for such changes include physicai,
physinlogical, and psychological stress. For example, systolic blood pressure has been shown to
change as much as 50 mmHg in as little as 30 seconds®. Heart rate can decelerate to zero in as little
as one heat or can increase as much as 50% in a few seconds. All techniques measure a physiological
parameter at a specific point in time. Ualess one is certain that blood pressure and heart rate are
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stable, the results from a single measurement become invalid in a very short time period and repeated
measurements are essential. Furthermore, during rapidly changing blood pressure and heart rate
conditions, both manval and automatic measurements vield erroneous results. That is, the
measurement does not yield either the initial value nor the final value, but some intermediate value
of questionabie validity.

Muitiple measurements on many human subjects takes a considerable amount of time. Each
time a counter-pressure cuff is inflated to occlude blood flow to an extremity, it causes ischemia ard
disturbs the normal physiology of the extremity. This is a real limitation of all noninvasive blood
pressure measurement techniques. intermittent occlusion, separated by reasonable time intervals,
permits restoration of normal physiology to the extremity. However, rapid repetition of occlusion
by a cuif will, as time progresses, become more and more like continuous occlusion. This is contra-
indicated not only because of the adverse effects on the extremity, but aiso because it attenuates the
physicai phenomena ncrmally empleyed in the measurement of bloo2 pressure. While two or three
measurements in rapid succession should not create preblems, monitoring over a period of an hour
or so should be done at >bout five minute intervals and mcaitoring for longer time periods should
be done using longer time intervals between measurements. In this way, the effect of the previous
mezsurement does not affect the results of the subsejuent measurement.

Thz requirement for multiple human subjects results in the necessity for multiple cuff
applications. Proper select:on z2nd application of the cuif is important for accurate determination of
blocd pressure. In both the osci::ometric and statometric blood pressure measurement technique, the
cuff is the uitimate transducer, without which a measurement cannot be achieved. In automated
versions of the auscultatory technique, the microphone is normally located within the cuff, once
again making proper cuff placement essential. Proper selection of cuff size, relative to the diameter
of the extremity will prevent false or cuff hypertension>. Cuff hypertension is an erroneously high
blood pressure reading that occurs because the pressure in the cuff is not completely transmitted to
the anderlying artery. This normally occurs when the cuff width is small compared to the
circumference of the extremity. Cuff placement is also important in automated blood pressure
measurement. In a device using the auscultatory technique, placement of the microphone over an
artery maximizes signal detection and mirimizes erroneous readings. In a device that uses the
statometric technique, the dista! sensing cuff acts analogous to a "microphone®. The best placement
requires that the middle of the air bladder be located over an artery, but without contacting the
proxima! occluding cuff (e.g. over the radial artery of the arm immediately below the elbow).

All instruments are subject to noise/vibration induced errors and "noise immunity” is always
a matter of degree. While it is normally impossible to prevent vehicle-related noise/vibration during
patient transport, this is not usually the case with patient-related noise/vibration Patient motion

"Use or disclosure of report data is
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represents a significant impediment to the measurement of blood pressure; this is obvious for manual
phenomena that either mimic or interfere with the signals that automated devices use for determining
blood pressure. Gross movement of the whole arm or leg can create "false” pressures in the counter-
pressure cuff, leading to a blood pressure that is either higher or lower than the coirect reading.
Flexion, extension, or rotation of the hand or foot, especially in a rhythmic fashion, can create
signals identical to those used by the oscillometric and statometric techniques. The ultimate defense
against patient motion artifacts is to prevent patient voluntary motion. The penuitimate defense is
t0 obsarve the patier.:’s extremity during the measurement and exercise caution in interpreting the
results if significant patient motion was observed during the measurement.

One must also be aware of the pressure difference due to the position of the extremity. The
vertical distance between thz heart and the blood pressure sensor causes a systematic error in the
blood pressure measurement”. For every five inches of vertical distance, the pressure error exceeds
nine millimeters of mercury.

3 APPROACH

In order to fabricate a test fixture for vital signs monitors, we must completely understand
the physics and physiology of each technique for noaninvasive blood pressure measurement -
auscultatory, oscillometric, and statometric.

3.1 (seneral

+0 order to measure arterial pressure nonir.vasively, one must apply a blood pressure
cuff around the arm. The cuff pressure is transmitted through the tissue and acts on the
outside surface of the artery. If the external pressure acting on the artery is greater than the
internal arterial pressure, the artery collapses, interrupting flow in the artery. Various
techniques detect this event, reporting the cuff pressure required for the zero flow state as
systolic pressure. These techniques also measure or estimate diastolic and mean pressures.

32 Auscultatory

The auscultatory method of measuring blood pressure consists of listening for
Korotkoff sounds as the cuff is deflated from above systolic pressure to below diastolic
pressure. There is disagreement as to the origin of these sounds®. Korotkoff® believed that
the sounds were caused by the arterial walls "slapping” against each other as pulses of blood
passed through the partially occluded artery. Gittings7 believed that the sounds were caused

“Use or disclosure of report data is
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by sudden distention of the compressed, partially occluded artery. Other theories include a
mechanism involving dynamic instability of a viscoelastic system of tissue®. Conrad et al
believe that these sounds are caused by fluid turbulence®. No conclusive scientific evidence
has yet been obtained to prove or disprove any of these theories.

In our attempt to model the human limb, we used a combination of Korotkoff’s theory
and that of Conrad et al. The vessel which we have designed permits the "slapping” of the
artery as it closes upon partial occlusion. In addition, a microphone, which is fluidically
coupled to the arterial line distal to the occluding cuff, is used to pick up the sound for
fu-ther amplification. Thus, any sounds generated by turbulence or "slapping" can be sensed
at this position.

33 BFS Theory

The BFS Theory®? (Blaumanis, Falk, and Samaras) describes the principles of the
noninvasive measurement of blood pressure. Researchers in the field of venous occlusion
plethysmography noticed that when an occluding cuff was applied to the arm and the cuff

pressure was held at a pressure above venous occlusion pressure, the distailly measured
intravenous pressure, became equal to the cuff pressure"’., We repeated these experiments and

' found that the intravenous pressure equals that of the cuff from a pressure just above venous

occlusion until mean arterial pressure (MAP) is reached.

The explanation is as follows. Consider the limb, distal to the occluding cuff, as a
control volume. Normally, on average, the arterial inflow equals the venous outflow. The
entire pressure drop (arterial-venous) occurs at tae level of the microcirculation, the arterioles
and capillaries. Now, if the cuff is inflated to just above venous occlusion pressure (say 10
mmHg) the outflow will cease momentarily. As a result of the diminished flow, ihe total
pressure drop is also diminished, since the latter is due primarily to the viscous frictional
losses in the microcirculation. Thus, the reduced flow, due to outflow obstruction, results in
an increased pressure within the down-stream elements of the vasculature, the venules and

veins. The incipient increase 1. venous pressure under the occluding cuff will, therefore,
tend to open the collapsed veuns and flow will resume. At this point a dynamic equilibrium
is established where venous pressure is, on average, equal to cuff pressure. If we now inflate
the occlusion cuff to higher and higher pressures new equilibrium points will be established
such that venous pressure rises to the level of the cuff pressure. Obviously a point must be
reached where venous pressure will equal arterial pressure and flow will be zero. At this

An article is being prepared for publication in the coen scientific literature.

*Use or disclosure of report data is
subject to the restriction on the Title
10 page of this Final Report”.




[

GMS ENGINEERING CORPORATION Contract No. DAMD17-88-C-8018

point an interesting question arises: when net flow is just reduced to zero by venous
occlusion, what is the venous pressure and therefore the cuff pressure? At first it may be
tempting to suggest that these pressures should be equal to the systolic arterial pressure. In
fact, however, the pulse pressure is virtually entirely damped in the microcirculation so that
nothing corresponding to systolic pressure ever appears on the venous side of the circulation.
The venous pressure in the outflow-occluded stump is, in fact, equal tc mean arterial
pressure. This fact, which we have confirmed by direct measurement, also has a sound
theoretical basis. The average driving force for flow in the microcirculation is the root-
mean-square (RMS) pressure. To the extent that the RMS pressure can be equated to the
more traditionally defined "mean arterial pressure”, we see that the magnitude of the latter
is most closely related to measurable dynamic events in the limb, particularly the rate of
change of volume as a result of blood flow. Thus, mean arterial pressure, which has
heretofore been defined by acclamation or measured by an electron:c integration, in the so-
called BFS theory emerges as a regl physical force. Our current concept of the reality of
MAP is fundamental to understanding the physiologic mechanisms of the oscillometric and
statometric methods of measuring blood pressure.

34 Oscillometric

In the oscillometric blood pressure method, it has been empirically sbserved that as
cuff pressure is decreased from an initial pressure above systolic pressure, the lowest cuff
pressure which gives maximum oscillations in the cuff pressure is MAP'!. Systolic and
Ciastolic pressures are estimated using an empirically-based aual slope estimation technique.
The MAP determination, furthermore, has never been physically or physiologically explained.
We believe that the BFS Theory describes the maximum oscillations occurring at the point
where cuff pressure is equal to MAP.

The oscillations are small and unchanging when the cuff is above systolic pressure.
This is caused by the "leading edge" effect. The edge of the cuff proximal to the occlusion
is influenced by pulses in the proximal artery, or *stump”. As the cuff deflates through
systolic pressure, the pulse amplitudes increase. This is caused by the pulses partially passing
through the occlusion and creating a pulsating pressure in the cuff. The venous pressure
distal to the cuff increases, and approaches the mean arterial pressure distal to the occlusion.
When the cuff pressure is equai to MAP, the arterial pressure and venous pressure distal to
the occlusion are also equal to MAP. As the cuff deflates a very small amount, the venous
pressure (MAP) wiil be greater than the cuff pressure (just below MAP). Outflow from the
distal limb commences. Since the cuff is sensing pulses which represent a net flow
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phenomenon, the pulses sensed by the cuff start to decrease in amplitude. Thus, the pulse
amplitudes measured by the cuff have 2 maximum at MAP.

35 Statometric

The statometric technique is a blood pressure measurement technique that uses a low
frequency (on the order of 0.15 Hz) limb volume change to determine blood pressure'?. In
this technique a limb volume sensor is placed distal to an occlusion cuff. As the occlusion
cuff is inflated above systolic pressure the distal limb becomes ischemic. Within a few
seconds the normal autoregulatory mechanisms attempt to compensate for the ischemia. In
effect the vascular capacity is increased by vasodilation. As the occlusion cuff is slowly
deflated through systolic pressure, the distal limb volume starts to increase. As the cuff
pressure is further reduced to the level of MAP there is a rapid change in the rzte of filling
of the distal limb. This occurs because, as predicted by the BFS theory, venous outflow will
begin when cuff pressure is slightly less than MAP. At this point the limb volume vs.
pressure curve shows an inflection point which corresponds to the beginning of outflow and
an occlusion cuff pressure equal to MAP. Thus systolic pressure is the point at which the
limb volume first begins to increase and MAP is the point at which the rate of increase
changes most rapidly. Diastolic pressure is calculated using the relation, D=4(3M-S).
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4 DESIGN

Fig. | sl.ows the schematic diagram of the fluidic system of the test fixture. This system is
separated into two sections. The first section is called the heart (inside the wood box), and the
second is called the arm (limb).

T hl
1 1
b v
] 1
HEART VENOUS PRESSURE TRANSDUCER ARM |
] 1
CONTROL VALVE | i
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Figure 1. Schematic Diagram of the Artificial Arm and Heart

4.1 Heart

The functional diagram of the heart section is shown in Fig. 2. The inlet of a gear
pumpb is attached to a reservoir (simulating the venous pool). The level of the fluid in the
reservoir creates a pressure head on the inlet of the pump representing central venous
pressure. The outlet of the pump is attached to the arm as well as a restriction simnlating the
peripheral resistance of the rest of the body.

The reservoir is heated with an electrical heating element. This element is ontrolled
with a bang-bang controller. The temperatu:e® measured in the reservoir is com.pared to a

Cole Parmer: Pump Head Model #7002-18, Motor Model #7144-91, and Power Supply Model #2630-90.

The tesperature sensor is Anslog Devices AD590.
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threshold temperature of 37°C. The

FROM ARM
comparator output controls the —=

ARTERAL PRESSURE TRANSDUCER C RESERVOIR
heater. To prevent j resmcron VALVE |K
. . TO ARM |
overheating of the reservoir, the

i o 1 l l_ nY
fluid is constantly circulated at a ('l( |

il

|

XQ‘WS PRESSURE TRANSOUCER

minimal rate. This prevents any

potential for localized temperature

gradients and possible damage to the pune

reservoir or heater. When the heater
is on, the red light oa the front of \

the wood box is on. This iS 10 goure 2. Functional Diagram of the Heart
indicate to the user that the heater
system is active,

A control system is required for maintaining the arterial pressure stable and equal to
the desired pressure. The controller consists of three parts. The first part is an open loop
controfler The computer controls the pump via a digital-to-analog converter (DAC); the

desired pressure is converted to voltage and applied to the pump power supply. The
pressure?. The empirically determined equation for this is:

V. =-0.1334[V

3
oo 1+ 1.2178[V

2] - 1.2401(V, ]+ 1.2732.

press press press

The desired arterial pressure waveform is calculated using the following equation.

P(t) = E,[A cos(tHR/2x) + B sin(tHR/21)]
where i =(1,2,3,4,5,6)
A, = {~10.14,-0.30,-0.15,1.08,0.21,0.42)
B, = (6.79,-3.29,-0.97,-0.24,0.07,0.63)

The second part of the .ontrol system is a bang-bang controller. A solenoid valve®
is controlled by comparing the real arterial pressure and the desired arterial pressure. The

d

The pressure transducers are Data Instruments Model #EA9300002, 0-15 psig.

€ Asco Model #8262C6 12V normally closed valve.
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inherent capacitance in fluid inertia,
as well as the capacitance of the > ‘“"‘M“‘( }— PLUD cRaxT

COMPAPATOR

simulated artery, result MW“ 'm
in a time delay from the pump
applying pressure to the pressure M"

T‘EDGAV-'W

sensed by the arterial transducer; thiS  gjoure 3. Fluid Delay Compensation Circuit

. time delay was measured to be 120

milliseconds. Therefore, the desired pressure signal must be temporally synchronized to the

' real pressure. The computer delays the desired signal by 120 msec and then sends, via a

second DAC, the desired pressure to the bang-bang comparator. Fig. 3 shows the functional

l diagram of this concept.

The third part of the control loop is an adaptive controller implemented in the
software. Since the arm and the "rest of the body" are paralle! (and very different) circuits,
l the actual arterial pressure varies as the arm is partially occluded (taken out of the circuit).
The error between the desired pressure (systolic and diastolic) and the actual p12ssure (systolic
l and diastolic) is calculated every two pulses. This error is used to medify two coefficients
which are applied to the oscillating component and the offset component of the desired
waveform applied to the pump. This adaptively controls the pump depending on the actual
' and desired arterial pressures. These three parts of the control system are necessary to control
this complex and dynamic circuit.

l In order to calibrate the device, application of the calibration assembly allows
pressurization of the reservoir and the cuff. This static pressure is transmitted to the whole
fluidic system as well as the cuff pressure transducer. The arterial, venous, and cuff pressure

' transducers can be calibrated simultaneously.

4.2 Arm
In order to provide an TO McREHOE speaen

anthropomorphic test fixture, the arm is

constructed from a modified IV training
arm. Fig. 4 shows the fluid schematic. The
plumbing consists of a simulated artery, an

expandable bag (simulating the distal limb
volume), a restriction (simulating a

capillary), and a simulated vein. Fig. 5
shows the side view of the limb. The artery Figure 4. Functional Diagrac of the Arm
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and vein are located on the upper arm. A chamber of oil, covered by a rubber membrane,
is the cuff pressure sensor. This is fluidically coupled to a pressure transducer. The cuff
pressure is transmitted through the skin and membrane to the oil, and in turn, the transducer.
Another pressure transducer is used as a microphone. It is attached to the arterial line distal
to the artery. Sounds generated by the artery (Korotkoff sounds) are sensed by this
transducer, amplified, and played back throgh = .peaker located under the skin at the elbow
on the arm.

e

DISTAL LMD VIR
— bl Lo
R

C 0=
_ / 7

Figure 5. Physical Location of Arm
Components

There are two major technological advances in the limb - the occluding vessel and the
simulation of ischemia.

4.2.1 Vessels

The initial design of the occluding
vessels (artery and vein) was a flexible tube
(penrose rubber). We placed this rubber
tube inside a closed chamber of water which @ oo
had one pressurization port. The rubber
tube had water flowing throughk it at a Figure 6. Illustration of Tube Collapst
certain internal pressure. Unlike Kresch &
Noordergraaf 13'“, Conrad’s, and Holt“’, who imply that flow is zero when internal pressure
is equal to external pressure, we observed that the flow was not zero when the chamber
pressure was equal to or greater than the internal tube pressure (occlusion). We discovered
that (as did Kresch and Noordergraaf, 1972) as the rubber tube collapsed, extremely small
channels remained at the outer ends (Fig. 6). The chamber pressure had to be very large in
order to collapse the small channels.

OPEN PARTIALLY COLLAPSED COLLAPSED

Since penrose rubber was not suitable as an in situ occluding vessel, we developed our
own occluding vessel. Fig. 7 shows the mechanical drawing of this vessel.

*Use or disclosure of report data is
subject to the restriction on the Title
16 page of this Final Report”.




GMS ENGINEERING CORPORATION Contract No. DAMD17-88-C-8018

The fluid pressure (e.g., arterial pressu~e) causes the thin rubber membrane to "bulge”
and fluid is allowed to pass through the vessel. If the occluding pressure (from the cuff) is
equal to the fluid pressure, the fluid cannot create the bulge, and the vessel is occluded. The
forces arising from the fluid pressure and the external pressure are in balance (since thz areas
on which the forces act are equal). As one would expect, the arterial pulses can be measured
in the oscillating movement of the rubber membrane, and in turn, in ar occluding cuff
applied to this vessel. This design results in a practically-realizable Starling resistor'’.

OCCLUDING VESSEL for ARTIFICIAL ARM

TOP VIEW TOP VIEW (ASS'D)
J.25¢ N

W’“T

A
~{ oz |

H_m_o

#2-56 fiat head

rubber membrane
} (] o
0625

Figure 7. Mechanical Drawing of GMS Starling Resistor

42,2 Ischemia

In the human, the arm becomes ischemic when the artery is occluded and the distal
portion of the arm ceases to receive blood. This causes vasodilatation, which decreases the
intravascular pressure. Blood flows into the arm when the cuff pressure is deflated below
systolic pressure, because of this intravascular pressure decrease. If the intravascular pressure,
distal to the occlusion, remained constant (at MAP), then the inflow of blood (when the
occlusion is no longer total) would be prevented. This is because, in order to create
significant flow, there must be a pressure drop. In the prototype test fixture, ischemia is
simulated using a valvef (dump valve in Fig. 1). This valve, when opened, allows some of
the fluid in the limb distal volume (see Fig. 1) to empty directly into the reservoir. This

Asco Model #82628210 12V normally closed valve.
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volume reduvction causes the "intravascular” pressure to decrease. In cffect, the same result
as vasodilatation has been created. The simulation of ischemia is essential to the operation
of the three blood pressure measurement techniques. Each of these techniques operates on
the fact that as the cuff deflates below systolic pressure, the blood flow ints the limb becomes
significant.

43 Electrical Hardware

The electrical schematics are located in Appendix A. The first schematic is the
computer interface board. There are anti-aliasing filters for each transducer. There is an
eighth order low pass Butterwcrth filter for the arterial transducer, The arterial transducer
signal requires the use of a Butterworth filter to reject the oscillations due to the control
valve. There are fourth order low pass Bessel filters for the other transducers. Also on the
board are two comparators (essentially bang-bang controllers); the valve controller and the
heater controller. The second schematic shows the circuit located in the arm box, consisting
of the valve drivers, the transducer drivers, and the audio amplifier for the Korotkoff sounds.
There are fuses to protect the electronics from any current surge or electrical short. They can
be found on the power supply box on the computer stand. The fuse next to the power cord
(on the AC side of the power transformer) is a four amp fuse, and the other fuse (on the DC
side of the power transformer and located next to the round connector) is an eight amp fuse.

44 Computer Software

The software code is located in Appendix B. The program is written in C, and it
includes Halo graphics software and C-Tools (used for the interrupt service routine support).
The program is modular to allow for modification if necessary. Its function can be seen in
the video manual showing the setup, calibration, operation, and troubleshooting of the test
fixture.

The program consists of three parts. The first part is the vital signs menu and help
functions. This utilizes the Halo graphics routines and the arrow and enter keys on the
keyboard to choose vital signs parameters or obtain on-line help. The second part is the main
shell of the program. This updates the screen approximately every second. The screen
consists of two traces, a process diagram_a manometer, a user-entered header, the time and
date, and the numerical information describing the arm. Both the on-line help and the video
tape are necessary to view for further understanding of the operation of the arm. The last
part is the interrupt service routine. This acquires data and controls the pump and control
valve. This routine is entered as an interrupt to the processor every twenty milliseconds.

"Use or disclosure of report data is
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5 RESULTS

The proiotype test fixture simulates the circulatory physiology of a human limb. The
auscultatory technique, the oscillometric technique, and the statometric technique measure the arterial
pressure in the arm (controlled by the pump and fluidic system). This prototype test fixture
eliminates all of the inherent problems of testing noninvasive vital signs monitors with many human
subjects.

With the use of this test fixture, one does not need many human subjects and multiple
measurements. Omne can set various blood pressures and heart rates, place the fixture in any
environment, and test the vital signs monitor accurately.

The problem of the vital signs being very labile is no longer an issue bhere. The test fixture
maintains the desired blood pressure. There is no physical or psychological stress. The fixture has
been tected for eight hours continuously, and the blood pressure remained constant (within 2 mmHg)
during that time.

The test fixture does not need time to equilibrate after a blood pressure measurement. The
user can take vital signs measurements several seconds apart (after the previous one ends).

The problem of cuff placement is magnified in many subjects. The cuff must be applied
multiple times (as many as there are subjects). The cuff needs only to be applied once on the test
fixture.

The test fixture makes no voluntary movements. Any movements are passive and caused by
the user or the environment (shake table or vehicle). The patient movement problem does not appear.

There exists no pressure error due to differences in vertical height of the heart and the
measuring site. The arterial pressure transducer is on the same vertical level as the artery. The
pressure error is zero.

Due to time and budgetary constraints, this prototype test fixture was minimally tested. There
are some probiem areas with the arm that the user must understand to properly use it. The next
section discusses these problems in detail.

6 PROBLEM AREAS AND SUGGESTIONS FOR FURTHER WORK

There are several problem areas that we have encountered in this development effort. Time
and budgetary constraints prohibited us from investigating these areas more completely.. In order for
one to use the arm properly, one must fully appreciate these problems areas and their effects on the
function of the arm.
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The first problem area is the control loop. The adaptive part of the control "oop depends
solely on the heart rate, since the systolic and diastolic pressures are computed every two pulses.
Overshoots are increase . and small oscillations aie extended in time as the heart rate decreases. We
have observed that in the prototype test fixture, the oscillometric technique operates more
inconsistently as the heart rate is lowered. We believe that further development will allow fine tuning
and more complete testing of the control loop, and in turn, allow consistent pperation of the
oscillometric technique over the whole heart rate range.

The second problem area is the cuff pressure transducer’s nonlinearity and cuff placement
criticality. This transducer consists of a chamber of oil covered with a thin rubber membrane. This
chamber is fluidically coupled to a pressure transducer. The cuff pressure couples to this chamber
through the skin. We have found that the overall (cuff to pressure transducer) cuff p:.essure
measuring system is slighitly nonlinear. The cuff pressure is higher than the transducer measurement
for low cuff pressures. e believe that further development will allow us to redesign the cuff
pressure transducer chamber so that the system is linear, or as a minimum, deterministic. The user
must calibrate the cuff transducer immediately after each and every cuff application. We have found
that +he cuff placement is extremely critical to the pressure transmission from the cuff to the
trunsducer. A redesign of this chamber will eliminate the need for the frequent calibration.

The third problem area is the noise of the solenoid valve opening and closing. This sound
propagates through the fiaid lines and is sensed by the microphone. This sound, along with the
Kecrotkoff sounds, are amplified. The valve sounds result in the difficulty in hearing the Korotkoff
sounds. We believe that further development will permit us to obtain a specially fabricated valve
with rubber stops (instead of the metal ones); this will eliminate the valve sounds.

The fourth problem area is the "dump valve” control. This valve is modelling the ischemia,
and is controlled by the relationship between the cuff pressure and the systolic pressure. When the
cuff pressure is greater than systolic pressure, there is no flow in the arm. A flow transducer (or
differential pressure measurements) in the arterial line would allow better control of this valve. We
have found that the problem of the cuff pressure transducer magnifies the problem here. If the cuff
pressure transducer is inaccurately measuring the cuff pressure, the "dump valve" is opened at the
wrong time, and the distal 'iinb is emptied too early or too late. Both of these scenarios lead to the
inconsistent operation of the oscillometric and the statometric techniques. Further development
might result in another method (fluidic) of modelling the ischemia.

The prototype test fixture is fragile and minimally tested. The scientific progress in
understanding and mode!ling the underlying physical and physiological principles of noninvasive
blood pressure measurement is considerable. This, unfortunately, minimized the time for ruggedizing
and testing the final test fixture,
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7 CONCLUSIONS

The prototype test fixture fills a void in checking, calibrating, and maintaining vital signs
monitors. This test fixture will allow accurate monitoring and control of the simulated dynamic
arterial pressure; .nis eliminates all of the associated problems in testing noninvasive vital signs
monitors (see the Results section). The test fixture has a great potential in both the military and
civilian environments; it should allow routine checking of all vital signs monitors, and it should
improve maintenance of vital signs monitors.
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APPENDIX A - Electrical Schematics
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ARM

FRAME
A2D
DELAY
ART P
CUFF_P
VEIN_P
CORE_T
SKIN_T
MAX_MEASURED
DASB_BASE_A0UR
A2D_LO_BYTE
A2D_HI_BYTE
START_8 BIT
START_12_BIT
DAS8_STATUS
DAS8_CONTROL
CNT_O
CNT_1
ONT_2
CNT_CTRL
INT_CHAN
EOI_ADDR
PIC
ENABLE_INTS
D1_OUT_HI
D2_OUT_HI
D3_OUT_HI
D4_OUT_HI
DACO_LO
DACO_HI
DAC1_LO
DAC1_HI
DAC_MAX
ECG_LO
ECG_HI
HEATER
FRAME_ERR
A2D_ERR
DELAY_ERR
CLOSE_ERR
INDET_ERR
UNEXP_ERR

1

DEFINITIONS
0x01 /"
0x02 Vid
0x04 ™
0x00 /*
0x01 /*
0x02 /*
0x03 *
0x04 /*
500

0x310 /*
0x310 /*
0x311 /*
0x3106  /*
0x311  /*
0x312 /*
0x312 /*
0x314 /*
0x315 /*
0x316 /*
0x317 /*
0x05 /%
0x20 Vi
0x20 /"
0x08 "
0x10 /*
0x20 /*
0x40 /*
0x80 /*
0x308 /=
Ox309 /*
0x30A /¥
Ox308 /*
OXFFF  /*
DACO_LO /*
DACO_HI /*
DACI_LO /*
0x01 /*
0x02 /*
0x04 /%
0x08 VAd
0x10 /*
0x20 Vil
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APPENDIX B - Software Code

The IRR bit set by frame clock */
*/
The IRR bit set by write delay */

The IRR bit set by A/D EOC

Arterial pressure
Cuff pressure
Venous pressure
Core temperature
Skin temperature

Base adiress of DAS-C board
A/D converter data low byte
A/D converter data hi byte

Start 8-bit conversion addr
Start 12-bit conversion addr

DAS-8 status register

DAS-8 control register
8254 counter #0 address
8254 counter #1 address
8254 counter #2 address

8254 control reg address
Hardware interrupt # used

8259 control register
8259 control register

“Ensble interrupts® commend

“Set D1 out hi®* command
“Set D2 out hi™ command
*Set D3 out hi* command
nSet D4 out hi* command
DACO's Lo byte address

DACO's hi byte address

DAC1's Lo byte address

DAC1's hi byte address

Maximm DAC output

DACO is the ECG output

DACO is the ECG output

DAC1 is the Heater output

Frame overlap */

A/D overisp */

Delay overiap */
Process overiap */

IRR =0 */
Unexpected A/D int. */

26

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*

*/
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/"
TEST FIXTURE FOR VITAL SIGNS MONITORS
*/

#inciude <math.h>
#include <cenio.h>
#include <stdiib.h>
#include <halo.h>
#include <time.h>
#include <malloc.hk>
#inciude <stdio.h>
#include <butil.h>
#include <bkeybrd.h>
#include <bscreens.h>
#'nclude <bstrings.h>
#include <bintrupt.h>
#include <das8_defs.h>

#include <err_defs.h> /* Err code defs */
#include <dac_defs.h> /* D/A addrs & functs */
#inctude <datadefs.h> /* Conversion constants */
#define P1 3.1415926535

#define GRAPHS_EVERY X 2

#define UPDATE_X_LOOKS 2 /* Max value for this is 10 due to
hr_, sys_ , dias_, map_
arrays declared with lengths of
iCc. */

#define MAX_LENGTH 300 /* Maximum length of the bp and ecg waveform
arrays. Change this value from 120 if
the sample interval changes from 50 msec
or the minimum heart rate changes from

30bpm. */
#define N_A2D_“HAN 5
#define INT_FREO 50.0 /* Int freq */
#define BLEED_TIME ™
#define STACKSIZE 0x2000
#define NSTKS 1
#define INT_TYPE INT_CHAN + 8 /* Int vector .ype */

#define SPEC_EGI 0x6) | ( OxO7 & INT_CHAN )
#define YES 1
#define NO O
¥define ON O
#define OFF 1

/* Declare subroutines */
void muin{void);

void set_up_vs_settings_menu(int);
void set_up vs_query(void);

void obtain_vs_settings(void);

void set_up_manometer_disp(void);

void set_up_icu disp(void);

void draw_graph_labels(int, int, int);
void set_up_process_disp(veid);

void drew_loop_outline(void);

“Use or disclosure of report data is
subject to the restriction on the Title
27 page of this Final Report”




GMS ENGINEERING CORPORATION

void set up_options_bar(void);
void help_system(void);

void update_manometer(float);

void update_icu(int,int,int,int);

void update_process(int, int, int, int, int);
void araw_arm_outline(void);

void update_header(char *);

void update_options(int);

void gms_logo(void);

int

int

read_velue(char *, int, int, float *);

matherr(struct exception *);

/* Declare interrupt subroutines., */

int
int
int

int
int

Contract No. DAMD17-88-C-8018

enable_ints( int ); /* Enables ints on DAS-8 boara. */
disable_ints( int ); /* Disables ints on DAS-8 board.*/
set_imr( int, int ); /* Programs the 8259 mask reg */
set_timer( inI, int, double, double ); /* Ini*s 8254 counter */
read_status{ int ); /* Reads the status word of 8254 %/

/* Declare and initiate values */

int
int
int

sys_valve;
sys_check;
dias_valve;

double press_map;

int

int
int
int
int
int
int
int
int

int

minalpha;

main_restart = 0;
manom_restart = 0;
icu_restart = 0;
process_restart = 0;
drw_grph_restart = 0;
isr_restart = 0;
calflag = 0;
exit_flag = 0;

mode = 4;

static char filename(] = ("HALOEVME.DEV");
float min x = (fioat) 0.0;

float min_y
float max_x
float max_y

int
int
int
int
int
int
int
int
int
int
int
int
int

(float) 0.0;
(float) 1000.0;
(float) 1000.0;

blue = 0, blue_val = 1;
white = 1, white_val = 63
purple = 2, purple_val =
red = 3, red_val = 4;
light_gray = 4, light_gray _val = 7;
navy = 5, navy_val = 8;

dark_gray = 6, dark_gray_val = 56;
black = 7, black_val = 0:

light_blue = 8, light_b.ue_val = 59;
yellow = 9, yellow _val = 54;
bright_pink = 10, bright_pink_val =
bright_blue = 11, bright_blue_val =
bright_orange = 12, bright_orange_va

51;

28
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int bright_green = 13, bright_green_val = 26;

int gms_blue = 14, ogms_blue_val = ¢;

int

skin_pink = 15, skin_pink_val = 39;

float asp, aspect=(float)1.7;

int
int

int

hor_pix, ver_pix;

degrees = 1;

result;

static char fontname[l = ("HALO104.FNT");
static char fcatname2[] = ("HALO106.FNTY);

int
int

int

int
int

int
int
int
int
int
int
int
int

int
int
int
int

pegel = 1;
page2 = 2;
new_header = 1;

data (MAX_MEASURED] [10] ;
data_base [MAX_MEASURED] ;

most_recent_data;
most_recent_plotted;
ar =0, ec =5, cu
pp =6, sk =4, co
di =8, ra=z=9;
max_points = MAX_MEASURED - 1;
update;

frozen;

1, ve

2;
3, gr =7

'

period_msec, num pts_in_period;

sample _interval = (int) (1000/INT_FREQ);
num _pes, slope;

current_length;

double dtempO;
double dtempt;

int
int
int
int
int
int
int
int
int
int

t_off = 120;

alpha = 100;

beta = 100;

ecg_des [MAX_LENGTH];
bp_des {MAX_LENGTH];
bp_d0 (MAX_LENGTH? ;
bp_d1 [MAX_LENGTH] ;

hr_set;
sys_set;
dias_set;

double press_set[3];
double art_cal;
double cuf_cal;
double ven_cal;

char header [42) = “GMS ENGINEERING CORPORATION VSM TESTY;

int
int

/i

int
int

last_measured x;
{ast_averaged;

Definitions of the data conversion constants

k_art_p = 512; /* arterial pressure (mmlg/V)
k_cuff_p = 531; /* Cuff pressure (mmHg/V) */
29
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int k_vein_p = 483; /* Venous pressure  (mmHg/V) */
int k_core_t = 24; /* Core temperature (degC/V) */
int k_skin_t = 24; /* Skir temperature (degC/V) */
int k_ecg = 1; /* Electrocardiogram ( mv/V) */

int o?f_art_p =2007;
int off_cuff_p =2706; /*
int off_vein_p =3487; /*

int off_core_t = -76;
inx of f_skin_t = -34;
int off_ecg =0;

int over = 2;
int delta_over = 2;

int max_over = 20, min_over = 2;

int at_low_limit = 1;
int at_up_limit = 0;

int low _pitch = 150;
int mid_pitch = 450;
int high_pitech = 700;
int short_duration = 2;
int mid_duration = 5;
int long duration = 10;

Cuff pressure
Venous pressure

/* arterial pressure (mmHg/V) */
(mmHg/V) */
(mmHg/V) */
/* Core temperature ({(degC/V) */
/* Skin temperature (degC/V) */
/* Electrocardiogram (mv/V) */

/* Variables for the interrupt portion of the program. */

int freme;

int end_frame;
int dac_v;

int last_measured;
int art_press;
int a_p_index;
int cuf_press;
int ¢_p_index;
int vein_press;
int v_p_index;
int core_temp;
int c_t_index;
int skin_temp;
int s_t_index;
int bp_ind;

int major_error, basic_error;
int num_points_msg_on;

int message_on;

int num_errors;

int error_num;

char *pmessage;

static char lo_arter_message[] =

static char lo_cuff_message(] =

/* The data frame # */
/* "End of frame" flag */
/* DAC voltage f~. motor */

/* The most recent art_p(] */
/* Points to the next art_p loc */
/* The most recent cuff_pl] */

/* The next cuff_p datum to be antd */

{ % Arter press > 330 mmiig.* );
{ " Cuff press > 33) mmHg. " );

static char hi_arter_message(] = { " Arter press > 360 mmHg." );

static char hi_cuff_message[] =
static char core_message(] = (
static char s.in_message(] = {
static char pps_message[] = ( ¢

{ " Cuff press > 360 mmHg. " );
" Core temp > 43'C. i H
W Skin temp > 43'C. " );
Motor too fast too long. };
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void arm_isr( ALLREG *, ISRCTRL *, ISRMSG* ); /* The isr. */

char *isr_id = "ARM ISR 9/26/88 "; /* ISR signature. */

ISRCTRL isr_ctrly /* Control block for the isr. */

int moter_v; /* The mntor velocity in rpm */

int das8_state = 9; /* Contents of the DAS-8 control register*/

static ISRCTRL far *pisr_ctri;

/* pointer sent to isinstal() */

static char isr_stack{ STACKSIZE*NSTKS ]; /* ISR stack:must be an auto var*/

void main()
{
FILE *stream;

int pps, cuff, venous, core, skin, arter;
int inc_dec;

int curs_pos, ch, newkey;

int loop_counter;

int loop_cntr;

int i,j,k;

int graph;

static int freeze, lock;

int check_settings;
static char answer([] = "Y#;

double flt_num_pts, single, doubleit, triple;

int single_leftover, doubleit_leftover, triple_leftover;
double sin_interval, angle_radians;

int multiplier;

double range_bp;

static double coeff_a[é}
static double coeff_hl6]
static double coeff _c[6];
static double coeff_d(6];
static int grs;

static int ecg_coeff_a(é]
static int ecg_coeff_b(9]
double minimum;

double sum, templ, templ;
int add_on;

double angle_int;

static char pressure(3];
static float cal_height = (float) 30.0;
static float press_height = (float) 60.0;
static float cal_x = (float) 20.0;
static float call_y = (float) 800.0;
static float cal2_y = (float) 750.0;
static float cal3_y = (float) 700.0;
static float calé_y = (float) 650.0;
static float calS_y = (floa%) 600.0;
static float calé_y = (float) 550.0;
static float cal7_y = (float) 500.0;
static float cal8 y = (float) 450.0;
static float cal9_y = (float) 400.0;
static float calap_x = (float) 160.0;
static float calp y = (float) 250.0;
static float calcp_x = (float) 460.0;
static float calvp_x = (float) 760.0;

€0,0,0,10,0,0);
(-10,0,0,0,10,20,0,0,0);

#HoHoWw RN W
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"Use or disclosure of report data 1s
subject to the restriction on the Title
page of this Final Report".




GMS ENGINEERING CORPORATION Coantract No. DAMD17-88-C-8018

static float calbl_x = (float) 1C5.0;

' static float calbl_y = (float) 200.0;

static float calbe_x = (float) 900.0;

static float calb2_y = (float) 350.0;

static char call_msg(] = ( "Please attach calibration assembly tc the air port, to" };
static char cal2_msg(] “the bulb, to a manometer, and apply the cuff around the" };
static char cal3_msg(] “arm. The pressures will be updated continuously" };
static char cal4_msg(] “in order to check the calibration. If you wish to exit,” );
static char cal5_msgf) “press E. If you wish to calibrate the transducers," )};
static char calé_msg(] “apply zero pressure and press L. Then apply 250 mmHg pressure };
static char cal?_msg{} "and press H. The calibration will not be changed until tne HY };
static char cal8_msgf] "is pressed.® };

static char cal9_msgl) " ARTERIAL CUFF VENOUS" 3;

l static int art_pres_ten, cuf_pres_ten, vein_pres_ten;

L U2 LT T | N T2 [ [N 1)

L B B Tt W W W W W Y

void far *int_vec = isgetvec (INT_TYPE); /* old isr vector */

int path = 0;
int on_off_toggle;

fleat error_x1 = (float) 700.0, error_yl = (float) 765.0;
float error_x2 = (float) 975.0, error_y2 = (float) 815.0;
float error_height = (float) 20.0;

float out_x1 = (float) 0.0, out_yl = (float) 0.0;

= (float) 1000.0, out_y2 = (float) 1000.0;
float in_x1 = (float) 100.0, in_y1 =
float in_x2 = (float) 900.0, in_y2 =
float big_height = (float) 70.0;
float question_height = (float) 30.0;
float message_height = (float) 40.0;
float term x = (float) 105.0, term_y = (float) 725.0;
static char terminate{l = ( "Simulation Terminated" );
float quest_x = (float) 70.0, quest_y = (float) 150.0;
static char star’._over{l = { "Would you like to start a new simulation? (Y)es or (N)o: " };
float messg_x = (1loat) 115.0, messg_y = (float) 600.0;

float out_x2
(float) 300.0;
(float) 700.0;

}

outp(DACO_HI,0x32);
outp(DACO_LD,0);

outp(DACT_HI,OxFF);
outp(DAC1_LO, 0xF0);

setdev(filename);
initgraphics(&mode);

setcolor( &black );
clr();

/* Set aspect ratio. */

inqasp(&asp);

inqdrange(&hor_pix, &ver pix);

aspect = (max_y - min_y) / (max_x = min_x);

aspect *= ( ((float)hor_pix + (float)1.0) /
((float)ver_oix + (float)i.0) ) * asp;

setworld(&min_x, &min_y, &max_x, &max_y);

/* Set color palliette. */

setxpal (&light_blue, &light_blue_val);
setxpal(&blue, &blue_vel);
setxpal(&purple, &purple_val);
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start:

setxpal(&red, &red_val);
setxpal(&lignt_gray, &light_gray val);
setxpal(&navy, &navy val);
setxpat(ddark_gray, &dark_gray_vai);
setxpal(&black, &black_val);
setxpal(&white, &white_val);
setxpal(&yeliow, &yellow val);
setxpal(&bright_pink, &Gbright_pink_val);
setxpal (&bright_blue, 8bright blue vai);
setxpal (&b1 ight_orange, &bright_orange_val);
setxpal (&8bright_green, &bright_green_val);
setxpal(&gms_blue, &gms_blue_val);

setxpat (&skin_pink, &skin_pink_val);

setdegree( &degrees );
setfont{fontname);

setscreen(&pagel);
gms_logo();
display(&pagel);

START from previous run %/

/* Initialize variables */

if (main_restart) {
manGA_restart = 1;
icu_restart = 1;
process_restart = 1;
drw_grph_restart = 1;
isr_restart = 1;
main_restart = 0;

>

on_off_toggle = ON;

num_points_msg_on = 0;

message_on = 0;

calftag = 0;

major_error

basic_error

num_errors = 0;

sys_valve = 999;

sys_check = 0;

dias_valve = 0;

press map = 0.0;

frozen = 0;

num pts = 0;

slope = O;

hr_set = 0;

sys_set = 0;

das_set = 0;

last_measured x = -1;

0;
0

.
’

frame = 0;

end frame = YES; /*
dac_v = J;

last_measured = -1;

art_press .- 0; /™
a_p index = 0; >
cuf_press = 0 /*

Contract No.

/* The data frome #
"End of frame flag */

DAMD17-88-C-8018

*/

/* DAC voltage for motor */

The most recent art_p{]}
Foints to the next art r ioc
The most recent cuff_p()

*/
*/
*/
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c_p_index = 0; /* The next cuff_p datum to be entd */
vein_press = 0;

v_p_index
core_temp
c_t_index
skin_temp
s_t_index
bp_ind = 0;

motor_v = 0; /* The motor velocity in rpm */

L I Lt ]
OO0 C OO

das8_state = 0; /* Contents of the DAS-8 control regicter*/
inc_dec = 0;
ch = 0;

for¢ i=0; i <= mex_points; i++ ) (
for( j=0; j <= 9; j++ ) (

data{il(j] = 0;
)

3}

for( i=0; 1 <= max_points; i++ ) {
datalil [di} = 999;

)

setscreen(&page?);
- check_settings = 2;
set_up_vs_settings_menu(check_settings);
query:
' set_up_vs_query();
displav{&page2);
obto::._vs_settings();
if¢ exit_flag == 11 ) goto out_loop;
a setcolor( &blue );
clr();
check_settings = 0;
set_up_vs_settings_menu(check_settings);
while( tkbhit() );
ch = getch();
if (ch == 27) goto out_loop;
if (ch == 121 || ch == 89) (
answer[0] = 'Y';
stext( answer );

else {
answer (0] = 'N*';
stext( answer );
calflag = 0;
goto query;

)

if¢ calflag == 11 ) goto csl0;

/* Read constants from file. */
if ((stream = fopen("calib.arm¥, "r+b"}) != NULL);
else printf(“Was not able to upen the file.");
result
result
result

fscanf(stream, “Xd*, &k_art_p);
fscanf(stream, “X%d", &k_cuft _p);
fscanf(stream, "Xd", &k_vein_p);
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result = fscanf(stream, "Xd", &off_art_p);
result = fscanf(stream, "Xd", &off_cuff_p);
result = fscani{stream, "Xd", &off_vein_p);
fclose(straam);

period_msec = (int) ( 60.0 / (double) hr_set * 1000.0 );
num_pts_in_period = period_msec / sample_interval;

/* Calculate the number of periods of the ecg and bp waveforms to fitl the
arrays with. Use one, two, or three periods depending on which uses
up the most of the time. */

flt_num_pts = (60.0*1000.0)

/ (double)(hr_set*sample_interval);

sing.e = flt_num_pts;
doubleit = 2.0 * single;
triple = 3.0 * single;

single_teftover = (int)(fabs (single - (double) (int) single) * 1000.0);
doubleit_leftover = (int)(fabs (doubleit - (double) (int) doubleit)
* 1000.0);
triple_leftover = (int)(fabs (triple - (double) (int) tripte) * 1000.0);
if (single_Leftover > 500) single_leftover = 1000 - single_leftover;
«f (doubleit_leftover > 500) doubleit_leftover = 1000 ~ doubleit_leftover;
if (triple_leftover > 500) triple_leftover = 1000 = triple_leftover;
if ((int)min(single_leftover,doubleit_teftover) == single_leftover)
if ((int)min(single_leftover,triple_leftover) == single_leftover)
multiplier = 1;
else
multiplier = 3;
else if ((int)min(dowbieit_leftover,triple_leftover) == doubleit_leftover)
multiplier = 2;
else multiplier = 3;

current_length = multiplier * num_pts_in_period - 1;

/* Fill the bp waveform. */
range_bp = (double) ( sys_set - dias_set );
for (k=0; k<6; k++)(
coeff_c(k] = coeff_alk] * range_bp / 25.0;
coeff dik] = coeff_bikl * range bp / 25.0;
b
minimum = 9999.0;
sin_interval = 360.0 / flt_num_pts;
for ( i=0, j=multiplier ; j >= 1; j--) (
for ( ; i <= current_length &% i <= MAX_LENGTH; i++) (
angle_int = (double)i * sin_intervatl;
while( angle_int >= 360.0 )
angle_int -= 360.0;
angle_radians = engle_int * PI / 180.0;
sum = 0.0;
for ( k=0; k<6; k++)(
templ = coeff_c(k]
* cos( (double) (k+1) * angle_radians );
temp2 = coeff_d(k)
* sin( (double) (k+1) * angle_radians );
sum += templ + temp?;
b
bp des{i] = (int) sum;
if (sum < minimum) minimum = sum;
)
>
add on = dias_set - (int) minimum;
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press_map = 0.0;
minalpha = 9999;
alpha = 100;
heta = 100;
t_off = t_off / sample_interval;
for (i=0; i <= current_length && i <= MAX_LENGTH; i++) (
bp des(i] += add on;
press_map += (double) (bp des(il*bp des{il);
dtemp! = (double)bp_des{i] + ((double)off_art_p / 10.0);
dtempl = (2.4414 * dtempl) / (double)k_art_p;
dtemp0 = (-.1334*pow(dtempl,3.0))+(1.2178*pow(dtemp?,2.0; Y+(-1.2401*d emp1)+1.2732;
if( dtempl > 4.900 ) dtempl = 4.900;
if( dtemp0 > 4.900 ) dtemp0 = 4.900;
bp_dli(i + t_off) X current_lengthl = (int) (dtemp! / 0.001221);
bp_dO(i]l = (int) (dtemp0 / 0.001221);
if( bp_dOli] < minalpha ) minalpha = bp _dO[i};
bp_des{il = bp_desli] * 10;

oo

>
press_map = (sqrt(press_map))/(sqrt{({double)(current_length)));
for (i=0; i <= current_length && i <= MAX_LENGTH; i++) (
bp d0[i] = bp_d0{il - minalpha;
]

for{ i=0; i <= MAX_LENGTH; i++ ) {
ecg_des[i] = 0;
)

qrs = num_pts_in_period / 3;

ecg_des[grs] = 50;

for( i=(qrs-1); i >= (grs-6) & 1 >= 0; i-- ) {
ecg_des[i] = ecg_coeff_alqgrs-1-i];

)

for( i=(qrs+1); i <= (qrs+9) && i <= current_length && i <= MAX_LENGTH; i++ ) (
ecg_des({il = ecg_coeff_b(i-qrs-1];

)

qrs += num_pts_in_period;

ecg_des{qrs] = 50;

for( i=(qrs-1); i1 >= (grs-6) & i >= 0; i-- ) (
ecg_des(i] = ecg_coeff_algrs-1-il;

b

for( i=(qrs+1); i <= (qrs+9) && i <= current_length && i <= MAX_LENGTH; i++ ) {
ecg_des(il = ecg_coeff bli-grs-1];

>

grs += num_pts_in_period;

ecg_des{qrs] = 50;

for( i=(ars-1); i >= (ars-6) && i >= 0; i-- ) (
ecg_desli] = ecg_coeff_alqrs-1-i};

)

for( i=(qrs+1); i <= (qrs+9) && i <= current_length && i <= MAX_LENGTH; i+ ) {
ecg_des{i] = ecg_coeff bli-qrs-1];

)

setscreen(&pagel);
set_up_manometer_disp();
set_up_icu_disp();
set_up_process disp();
set_up_options_bar();
update_header (header);
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/*

/*

display(&paget);

most_recent_data = MAX_MEASURED - 1;
data(0] [gr] = graph = 1;
curs_pos = 3;

Start 1kHz system clock for the interrupt routine: */
i = set_timer( 2, 3, 5E4, 1E3 ); /* tmr 2,md 3,3MHz in,TkHz out */
1f¢ i <0)

prir. f(We** ERROR in programming 8254\n");
Set interrupt frequency for the interrupt routine: ./

i = set_timer( 1, 3, 1E3, INT_FREQ ); /* t1,m3,1k in, INT_FREQ cut */
if( i <0)
printf("*** ERROR in programming 8254\n");

das8_state = enable_ints( das8_state ); /* En ints on DAS-8 beard */
set_imr( INT_CHAN, ON ); /* Clear the relevent imr mask bit */

/* Install the icr for the interrupt routine: ( C-TOOLS+ ) ®/
isinstal (INT_TYPE, arm_isr, isr_id, &isr_ctrl, isr_stack, STACKSIZE,
NSTKS);

das8_state = das8_state | D1_OUT_HI; /* E€Enable interrupt timer */
outp( DASB_COMTROL, das8 state );

for ( loop_counter = 0, loop cntr = 0, most_recent_plotted = MAX_MEASURED - 1; ch i= ig!;
loop_rounter++){

loop_entr = ( loop_entr + 1 3 X 1000;
/* Wait for first set of data and for new data. */
while (last_measured x == last_measured);

last_measured x = last_measured;

arter = datallast_measured_x) [ar)/1C;
cuff = data(last_measured_x1{cul/10;
venous = data(last_measured x] [vel/10;
pps = datal[last_measured_x] [op) ;

skin = data{last_measured_x] [sk}/10;
core = data{last_measured_x] [c0)/10;

it (major_error) {

if ((stream = fopen(errors.run¥, “a®)) = NULL);
else printf("Was not able to open the file.®);
fprintf(stream, "Xd\tXd\n#, num_errors, error_num);
for (i = last_measured_x;
i >= (MAX_MEASURED + last_measured x = 10) X MAX_MEASURED;
i = (MAX_MEASURED + i - 1) % MAX_MEASURED)(
fprintf(stream, "Xd\t*, i);
for (] = 0; ] <=9; j++)(
fprintf(stream, "%d\t", data[il(jl);
3
fputs("\n*, stream);
)
fputs("\n", stream);
fclose(stream);
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utsound(high_pitch, tong_duration);
das8_state = das8_state & ~D1_OUT_HI; /* Disable interrupt timer */
outp( DAS8_CONTROL, das8_state );

/* Closing commands for the interrupt routine. */
outp(DACO_HI,0x32);

outp(DACO_LD,0);

outp(DACT_HK1,0xFF);

outp(DAC1_LO,0xFO);

/* Restore the old interrupt vector. */
isputvec (INT_TYPE, pisr_ctrl->prev_vec);

set_imr( INT_CHAN, OFF ); /* set the relevent imr mask bit */

setscreen( &page? );

setcolor( &red );

bar(&out_x1, &out_y1, &out_x2, dout_y2);
setcolor( &white );

bar(&in_x1, &in_y1, &in x2, &in_y2);
setstclr( &red, &red );

movtcurabs( &messg_x, &messg_y );

setstext( &messane_height, &aspect, &path );
stext( pmessage );

setstelr( &white, &white );

movtcuraks( &term_x, &term_y );

setstext( &big_height, &aspect, &path );
stext( terminate );

movtcurabs( &quest_x, &quest_y );

setstext( &question_height, Zaspect, &path );
stext( start_over );

deltcur();

display( &page2 );

while( 'kbhit() );

ch = getch();

if (ch == 121 || ch == 89) (
answer [0) = 'Y*;
stext( answer );

}

else (
answer [0] = !NY;
stext( answer );
goto close_out;

>

setscreen{ &pagel );
detbox();
main_restart = 1;
goto start;

>

if (basic_errorj (

if ((stream = fopen("errors.run®, "a#)) != KULL);
else printf("Was not able to open tue file.");
fprintf(stream, "Xd\tXd\n*, num_errecrs, error_num);
for (i = last_measured x;

i >= last_measured x - 10; i--)(

fprintf(stream, "Xd\t", i);

for (j = 0; j <=9; j++)(
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fprintf(stream, "Xd\t", data{ii(jl);
)
fputs("\n", stream);
}
fputs(*\n¥, stream);
fclose(stream);

basic_error = 0;
message on = 1;
num_points_msg_on = 0;
utsound{mid_pitch, mid_duration);
}
1{ (message_on) {
setcolor(&bright_blue);
ber( &error_x1, 8error_yl, &error_x2, &error_y2 );
if (on_off_toggle == ON) (
movtcurabs(&error_x1, &error_y1);
setstelr(&red, &red);
setstext(&error_height, &aspect, &path);
stext( pmessage );
deltcur();
on_off_toggle = OFF;
¥
else on_off_toggle = ON;

num_points_msg_on += (last_measured_x
+ MAX_MEASURED - most_recent_plotted)
X MAX_MEASURED;

if (num_points_msg_on > (20 * (int) INT_FREQ) ) {
rum_points_msg_on = 0;
I setcolor(&bright_blu. ;
bar( &error_x1, &error_y!, &error_x2, &error_y2 );
message_on = 0;

Y

datallast_measured x] {gr] = graph;
update_manometer( (flost) cuff );

update = loop_cntr X (2 * GRAPHS_EVERY_X);
update_icu( update, freeze, lock, inc_dec);
update_process( pps, cuff, vencus, core, skin);
update_options(curs_pcs);

if (new_header == 1) update_header(header);
most_recent_plotted = last_measured_x;

if ( kbhit() X
newkey = 1;
ch = getch();
if (¢h == 10%) (
ch = getch();

M
)

inc_dec = 0;

if (ch == 13 && newkey) ;

else

if (ch >= 59 && ch <= 66 && newkey) curs_pos
else

if (ch >= 49 && ch <= 56 && newkey) curs_pos = ch - 48;

ch - 58;
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else
if ((ch == 72 || ch == 75) && newke') {
curs_pos--;
newkey = 0;
)
else
if (C(ch == 77 || ch == 80) && newkey) (
CUrS_pos++;
rewkey = 0;

>
else goto end_loop;

if (curs_pos >= 9) curs_pos
else
if (curs_pos <= 0) curs_pos

1;

8;

if (curs_pos == 1 && newkey) {
freeze *= -1;

frozen = 0;
newkey = 0;

>

if (curs_pos == 2 && newkey) (
lock *= -1;
newkey = 0;

>

if (curs_pos == 3 && newkey)(
inc_dec = -1;

at_up Limit = 0;
if (at_low_Limit) utsound( low pitch, short_duration );
newkey = 0;

{curs_pos == & && newkey){
inc_dec = 1;
at_low_Limit = 0;
if (at_up_limit) utsound( low_pitch, short_duration );
newkey = 0;

if (curs_pos == 5 && newkey)(

newkey = 0;

check_cettings = 1;

setscreen(&page?);

set_up_vs_settings_menu(check_settings);

display(&page2);

while ( tkbhit() );

ch = getch();

if (ch == 110 || ch == 78) {
answer[0] = 'N';
stext( snswer );

das8_state = das8_state & ~D1_OUT_HI; /* Disable interrupt timer */
outp( DAS8_CONTROL, das8_state );

/* Closing commands for the interrupt routine. */
outp(DACO_HI,0x32);

outp(DACO_LO,0);

outp(DACT_HI,0xFF);

outp(DAC1_LO,0xF0);

/* Restore the old interrupt vector. */
isputvec (INT_TYPE, pisr_ctri->prev_vec);

“Use or disclosure of report data is
subject to the restriction on the Title
40 page of this Final Report”.

-
-




GMS ENGINEERING CORPORATION

Contract No. DAMD17-88-C-8018

set_imr( INT_CHAN, OFF ); /* set the relevent imr mask bit */
setscreen( &paget );
delbox();
main_restart = 1;
goto start;
>
if (ch == 121 || ch == 89) (
answer (0] = 'Y*;
stext( answer);
)
setscreen{&pagel);
display(&pagel);
3
if (curs_pos == 6 && newkey)(
graph++;
if (graph >z 5)
graph = 1;
newkey = 0;
)
if (curs_pos == 7 && newkey){
newkey = 0;
help_system();

2}
if (curs_pos == 8 && newkey)(
ch = 'g';
>
end_loop:
>
out_loop:
dasB_state = das8_state & ~D1_OUT_HI; /* Disable interrupt timer */

/I

outp( DAS8 CONTROL, das8_state );

Closing commands for the interrupt routine, */
outp(DACO_HI1,0x32);

outp(D4C6_LC,.0);

outp(DALT_rFl,OxFF);

outp(DACT_LO,0xFO);

/* Restore the old interrupt vector. */
isputvec (INT_TYPE, pist_ctrl->prev_vec);

set_imr{ INT_CHAN, OFF ); /* set the relevent imr mask bit */

/* Close halo graphics. */

close_out:

[
closeqraphics();

goto qged;

call:

.
td

outp(DACO_HI,0);
outp(DACO_L3,0);

/* Read constants from file, */
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/t

/t

if ((streom = fopen(“calib.arm®, "r+b"}) 1= NULL);
else printf("wWas not able to open the file.");

result = fscanf(stream, “Xd", &k_art_p);

result = fscanf(stream, "Xd", &k_cuff_p);

resuit = fscanf(stream, “Xd", &k_vein_p);

result = fscanf(stream, "Xd", &off_art_p);

result = fscanf(strear, "Xd", Zoff_cuff_p); s
result = fscanf(stream, "Xd", &off_vein_p);

fclose(stream);

setcolor( &blue );

clr();

setstclr( &white, &white );
setstext( &cal_height, &aspect, &path );
movtcurabs( &cal_x, &call_y );
stext( call_msg );
movtcurabs( &cal_x, &call_y );
stext( cal2_msg );
movtcurabs( &cal_x, &cal3_y );
stext( cal3_msg );
movtcurabs( &cal_x, &caléd_y );
stext{ calé_msg );

movtcurabs( &cal_x, &cal5_y );
stext( cal5_msg );
movtcurabs( &cal_x, &calé_y );
stext( calé_msg );
movtcurabs( &cal_x, &cal7_y );
stext( cal7_msg );
movtcurabs( &cal_x, &cal8_y );
stext( cai8_msg 3;
movtcurabs( &cal_x, &cal9_y );
stext( cal9_msg );

setstcir( &yellow, Ryeilow );
setstext( Spress_height, &aspect, &path );

a_p_index = 0
c_p_index = 0
v_p_index = 0
last_averaged = 0;
last_measured_x = 0;
last_measured = 0;

-
’
.
1
.
]

Start 1kHz system clock for the interrupt routine: */
i = set_timer( 2, 3, 5E6, 1E3 ); /* tme 2,md 3,3MHz in,kHz out */
if(i<0)

printf("*** ERROR in programming 8254\n");

Set interrupt frequency for the interrupt routine: */

i = set_timer( 1, 3, 1E3, INT_FREQ ); /* t1,m3,1k in, INT_FREQ out */
if( i <0)
printf{u*** ERROR in programming 8254\n");

das8_state = enable_ints( das8_state ); /* En ints on DAS-8 board */
set_imr( INT_CHAN, ON ); /* Clear the relevent imr mask bit */

/* Install the ‘ - for the interrupt routine: ( C-TOOLS+ ) */
isinstal (INT_TYPE, arm_isr, isr_id, &isr_ctrl, isr_stack, STACKSIZE,
NSTKS);
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das8_state | D1_OUT_HKI; /* Enable interrupt timer ®/

outp( DAS8_CONTROL, das8_state );

calds

newkey = 0;

i ¢ kbhit() )(

>

if( newkey == 1 && ( (ch =

)

if( newkey == 1 && ( (ch

b

newkey = 1;
ch = getch();
if (ch == '0') (
ch = getch();
}

te') |{ Cch == 'E') ) ) (
newkey = 0;
calflag = 0;
goto cal99;

't «(

"
f

) |} tch =
newkey = 0;
calflag = 12;
last_averaged = (last_measured + 11) X MAX_MEASURED;
while( last_measured != last_averaged );
last_measured x = (last_measured+MAX_MEASURED-1) X MAX_MEASURED;
press_set {0}
press_set{1]
press_set (2] ;
for( 1 =0; i < 10; i++) £
press_set[0) += (double) data{(last_measured_x+MAX_MEASURED-i) X MAX_MEASURED] (ar};
press_set{1] += (double) data[(last_measured x+MAX_MEASURED-i) X MAX_MEASURED] [cu];
press_set[2] += (double) data{(last_measured x+MAX_MEASURED-i) X MAX_MEASURED] [ve];

0.0
0.0
0.0

b
art_cal = press_set[0] / 10.0;
cuf_cal = press_set[1] / 10.0;
ven_cal = press_set[2] / 10.0

-

ifC newkey == 1 & ( (ch == *h') || (ch == 'H') ) ) (

newkey = 0;
if( calflag == 12 ) (
last_averaged = (last_measured + 11) X MAX_MEASURED;
while( last_measured != last_averaged );
last_measured_x = (last_measured+MAX_MEASURED-1) X MAX_MEASURED;

press_set[0) = 0.0;
press_set{1] = 0.0;
press_set{2] = 0.0;
for( i =39; 1 <10; i) (

press_set [0) +=  (double)  datal(last_measured_x+MAX_MEASURED-i) X

MAX_MEASURED] [ar] ;

press_set{1] += (double) data((last_measured_x+MAX_MEASURFD-i) *

MAX_MEASURED] {cu) ;

press_set (2] +*= (double)  datal(last_measured x+MAX_MEASURED-i} X

MAX_MEASURED] [ve];

)

press_set[0] = prass_set[0] / 10.0;

press_set{1] = press_set[1] / 10.0

press_set[2] = press_set([2] / 10.0;

k_art_p = (int) ( 250000.0 / (press_set{0) = art_cal) );
k_cuff_p = (int) ( 250000.0 / (press_set{1] - zuf_cal) );

"Use or disclosure of report data is
subject to the restriction on the Title
43 page of this Final Report".




GMS ENGINEERING CORPORATION Contract No. DAMD17-88-C-8018

k_vein_p = (int) ( 250000.0 / (press_set(2} - ven_cal) );
off_art_p = (int) ((art_cal * (double)k_art_p) / 100.0);
off_cuff_p = (int) ((cuf_cal * {double)k_cuff_p) / 100.0);
off_vein_p = (int) ((ven_cal * (double)k_vein_p) / 100.0);
if ({stream = fopen("calib.arm", "w+b")) 1= NULL);

else printf("Was not able to open the fila ¥);
fprintf{stream, "Xd\t", k_art_p);

fprintf(stream, "Xd\t", k_cuff_p);

fprintf(stream, "Xd\t", k vein_p);

fprintf(stream, "Xd\t", off_art_p);

fprintf(stream, "Xd\t", off_cuff_p);

fprintf(stream, "Xd\t", off_vein_p);

fclose(stieam);

calflag = 11;

)

art_pres_ten = art_press / 10;

cuf_pres_ten = cuf_press / 10;

vein_pres_ten = vein_press / 10;

if{ (last_measured X (int) INT_FREQ) == 0 ) (

bar( &calbl_x, &calbl_y, &calb2 x, &calb2_ y );
movtcurabs( &calap_x, &calp y );
itoa( art_pres_ten, pressure, 10 );
stext( pressure );
movicurabs( &calcp_x, &calp_y );
itoa( cuf_pres_ten, pressure, 10 );
stext( pressure );
movtcurabs( &calvp_x, &calp_ y );
itoa( vein_pres_ten, pressure, 10 ;
stext( pressure );
delteur();
)
goto cal2;
cal99:
calflag = O;
das8_state = dasB state & ~D1_OLT_HI; /* Disable interrupt timer */
outp( DAS3_CONTROL, das8_state );
/* Closing commends for the interrupt routine. */
oUtp(DACO_HI,0x32);
outp(DACO_LO,0);
Ooutp(DACT_HI,OxFF);
outp(DAC1_LO,0xFO);
/* Restore the old interrupt vector. */
isputvec (INT_TYPE, pisr_ctri->prev_vec);
set_imr( INT_CHAN, OFF ); /* set the relevent imr mask bit */
setscreen( &pegel );
delbox(};
main_restart = {;
goto start;
ged:
H
)
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int matherr(struct exception *x)
(
static char matherr_messagel) = { " Math error: " };

float error_x1
float error_x2
float error_y3

(float) 700.0, error_y1
(float) 975.0, error_y2
(float) 768.0;

float error_height = (float) 20.0;

(float) 765.0;
(float) 815.0;

int i, j;
FILE *stream;
int path = J;

error_num = 9;
NUM_errors++;

if ((stream = fopen("errors.run", '"a®")) 1= NULL);
else printf('Was not able to open the file.");
fprintf(stream, “Xd\tXd\n', num_errors, error_num);
fprintf(stream, "Xd\tXlf\tXlf\n", x->type, x->argt, x->arg);
for (i = last_measured x;
i »>= last_measured_x - 10; i--)¢
fprintf(stream, “Xd\t", i);
for (j = 0; j <=9; j++)(
fprintf(stream, "Xd\t“, datalil{j});
)
fputs("\n¥, stream);

)
fputs(®\n*, stream);
fclose(stream);

! basic_error = 0;

message on = 1;

num_noints_msg_on = 07
utsowna(mid_pitch, mid_duration);
setcolor(&bright_blue);

bar ( &error_x1, &error_yl, &error_x2, &error_y2 };
movtcurabs(&error_x1, &error_y3);
setstclr(&red, &red);
setstext(&error_height, &aspect, &path);
pmessage = X->name;

stext( matherr_message );

stext( pmessage );

return{1);

}

void set_up_vs_settings menu(int check_settings)
{
float out_x1 = (float) 0.0, out_yl = (fluat) 1000.0;
float out_x2 = (float) 1000.0, out_y2 = (float) 0.0;
float in_x1 = (float) 15.0, in_y1 = (float) 975.0;
flost in_x2 = (float) 985.0, in_y2 = (float) 725.0;
float text_x1 = (float) 25.0, text_yl = (float) 950.0;
float text_x2 = (float) 975.0, text_y2 = (floar) 900.0;
float lower_in_x1 = (float) 15.0, lower_in_yl = (float) 675.0;
float lower_in x2 = (float) 985.0, lower_in_y2 = (float) 25.0;

int path = 0;
float qu_height = (float) 35.0;
float height = (float) 40.0;
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fi~at num_height = (float) 120.0;

double hr_float, sys_float;
float header_x = (float) 25.0, header_y = (float) 900.0;
float hr_label_x = (float) 245.0, hr_label_y = (float) 750.0;
static char hr_label[] = "bpm*;
float bp_label_x = (float) 825.0, bp_label_y = (float) 750.0;
static char bp_label [] = “mmHg";
float hr_x = (float) 40.0, hr_y = (float) 720.0;
char hr{3);
float sys_x = (float) 340.0, sys_y = (floa%) 720.0;
char sys(3);
float diag x = (float) 540.0, diag_y = (float) 730.0;
static char diagl] = "/u;
float dias_x = (float) 620.0, dias_y = (float) 720.0;
char dias{3];
float question_x = (float) 95.0, question_y = (float) 600.C;
static char question(]

= “Accept settings and begin? (Y)es or (N)o: ";
static char press_key(]

= “Accept settings and continue? (Y)es or (N)o: "
static char cal_ques(]

= "Calibrate or check transducers? (Y)es or (N)o: %;
int hatch_index = 1;

setcclor(&bright_blue);

bar(&out_x1, &out_y!, &out_x2, &out_y2);

setcolor(&blue);

bar(&in_x1, &in_y!, &in_x2, &in_y2);

bar(&lower_in_x1, &lower_in_y1, &lower_in _x2, &lower_in_y2);
setcolor(&bright_blue);

bar(&text_x1, &text_yl, &text_x2, &text_y2);

setstclr(&white, &white);

/* Draw header and labels. */
sethatchstyle(&hatch_index);
setstext(&height, &aspect, &path);
movtcurabs(&header_x, &header_y);
stext( header );
movtcurabs(&hr_label_x, &hr_iabel_y);
stext( hr_label );
movtcurabs(&bp_label x, &p label_y);
stext{ bp_label );

/* Convert vs settings from integers to character strings. */
itoaChr_set, hr, 10);

itoa(sys_set, sys, 10);

itoa(dias_set, dias, 10);

/* Write vital signs settings. */

setstext(&num_height, &aspect, &path);

hr_float = fabs((double) hr_set) + .99999;

hr_x += ( (float) ( 2 - (int) log10( hr_float ) )
* (float) 65.0);

movtcurabs(khr_x, &hr y);

stext( hr );

sys_float = fabs((doublv) sys_set) + .99999;

sys_x += ( (float) ( 2 = (int) log10( sys_float )
* (float) 65.0);

movtcurabs(&sys_x, &sys_y);

~r
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stext{ sys );

movtcurabs(&diag_x, &diag_y);

stext( diag );

movtcurabs(&dias_x, &dias_y);

stext( dias );

if( calflag == 11 ) (
setstext(&qu_height, &aspect, &path);
movtcurabs(&question_x, &question_y);
stext( cal_ques )
goto done_check;

)

if (check_settings == 1)(
setstext(&qu_height, &aspect, &path);
movtcurabs(&question_x, &question y);
stext( press_key );

)

setstext(&qu_height, &aspect, &path);
movtcurabs(&question_x, &question_y);
stext( question );
b
done_check:

delteur();
2}
void set_up vs_query()
{

float out_xt
flost out_x2

(float) 0.0, out_yl = (float) 706.0;
(float) 1000.0, out_y2 = (float) 00.0;

float in_x1 = (float) 15.0, in_yl = (float) 675.0;
float in_x2 = (float) 985.0, in_y2 = (loat) 25.0;

float hdr_Lbl_x = (float) 50.0, hdr_ibl _y = (float) 600.3;
static char hdr_Lbi[] = “Report Heading:";
float vss_ibl_x = (float) 50.0, vss_Lbl_y = (float) 450.0;
static char vss_Lbl[1 = "vital Signs Settings:";
float hr_ibl_x = (float) 366.9, hr_ibi_y = (float) 399.9;
static char hr_Lbl{) = "4R";
float sys 'bl_x = (float; 535.0, sys_{bl_y = (floet) 390.3;
static char sys_ibl[] = "Sys%;
“loat dia,_tbl_x = (float) 610.0, diag_Lbl_y = (f.cat) 390.0;
static ¢ & diag_lbl[] = W/»;
float ¢ 1s_lbl_x = (float) 640.0, dias_Lbl_y = (float) 390.0;
] stati char dies_Lbl {1 = "DlAS";
i flo. man_lbl_x = (float) 130.0, man_lbl_y = (floa%) 340.0;
static char man_Lbl{] = "“Manual:";
float auto_lbl_x = (float) 210.0, auto_lbl_y = (float) 285.0;

. if (check_settings == 0)(

static char sutol_Ibl[] = #1:%;
: static char autol_Lbl{] = #2:%;
¥ static char autn3_ILbl{} = *3:-;
static char auto4_Lbl[] = "4:;
static char auto5_Lbl[] = “5:%;

int hatch_index = 1;

static int auto_hr{4) = (60,80,72,40);
static int auto_sysl4i = (120,90,160,150);
static int auto_dias[4] = (80,50,90,70);
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static char calibfl = "CALIBRATION";

char hr(3];
char sys(3);
char diasi3};

float hr_x = (float) 360.0;
float sys_x = (float) 535.0;
float dias_x = (float) 640.0;

int path = 0;
float height = (float) 40.0;

setcolor(8bright_blue);

bar(&out_x1, &out_y1, &out_x2, &out_y2);
setcolor(&blue);

bar(&in_x1, &in_y1, &in_x2, &in_y2);

/* Write labels. */

setstelr(&white, &white);
sethatchstyle(&hatch_index);
setstext(theight, 2aspect, &path);
movtcurabs(&hdr_Lbl_x, &hdr_Lbl_v);
stext( hdr_Lbt );
movtcurabs(&vss_lbl_x, &vss_lbl_y);
stext( vss_Llbl );
movtcurabs(&hr_Lbl_x, &hr_Lbl_y);
stext( hr_ibl );
movtcurabe(&sys_Lbl_x, &sys_lbl_y);
stext( sys_lbl );
movtcurabs(&diag_Lbl_x, &diag_ibl_y);
stext( diag_tbl );
movtcurabs(&dias_Lbl_x, &dias_tbl_y);
stext( dias_Lbl );
movtcurabs(&man_ibl_x, &men_Lbl_y);
stext( man_ bt );
movtcurabs(&auto_Lbl_x, &auto_Lbl_y);
stext( autol_Lbl );
movtcurabs(&hr_x, &auto_Lbl_y);
itoa(auto_hr{0], hr, 10);

stext( hr );

movtcurabs(&sys_x, &auto_lbt_y);
itoa(auto_sysi0], sys, 10);

stext( sys );

movtecurabs(&dias_x, &auto_lbl_y);
itoa(auto_dias(0), dias, 10);

stext( dias );

auto_Lbl_y -= (float) 55.0;
movtcurabs(&auto_Lbl_x, &auto_(bl_y);
stext( suto2_Ibl );
movtcurabs(&hr_x, &auto_Lbl_y);
itoa(auto_hr[1), hr, 10);

stext( hr );

movtcurabs(&sys_x, &auto_Lbl_y);
itoa(auto_sys{1], sys, 10);

stext( sys );

movtcurabs(&dias_x, &auto_{bl_y);
itoa(auto_dias(1], dias, 10);

stext( dias );

auto_ibl_y -z (float) 55.0;
movtcurabs(&auto_Lbl_x, %auto_(bl_y);
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stext( auto3_Lbl );
movtcurabs(&hr_x, &auto_ibl_y);
itoa(auto_hr(2], hr, 10);
stext{ hr );
movtcurabs(&sys_x, &auto_Lbl_y);
itoa(auto_sys{2], sys, 10);
stext( sys );
movtcurabs(&dias_x, &auto_ibl_y);
1toa(auto_dias(2], dias, 10);
stext( dias );
auto_lbl_y -= (float) 55.0;
movtcurabs(&auto_ibl_x, &auto_lbl_y);
stext( auto4_tbl );
movtcurabs(&hr_x, &auto_ibl_y);
itoa(auto_hr{3]1, hr, 10);
stext( hr );
movtcurabs(&sys_x, &auto_(bl_y);
itoa(auto_sys(3}, sys, 10);
stext( sys };
movtcurabs(&dias_x, &auto_lbl_y);
itos(suto_dias(3], dias, 10);
stext( dias );
auto_ibl_y -= (float) 55.0;
rovtcurabs(&auto_Lbl_x, &auto_lbl_y);
stext( auto5_Lbl );
movteurabs(&hr_x, &auto_Lbl_y);
stext( calib );
deltcur();

>

void set_up_manometer_disp()
¢
int i;
floa* bkgnd_x! = (float) 0.0, bkgnd y1 = (float) 955.0;

l float bkgnd_x2 = (float) 100.0, bkgnd_y2 = (float) 48.0;
1

(O I 1}

float manom_x1 = (float) 40.0, manom_y1 = (float) 935.0;
float manom_x2 = (float) 60.0, manom_y2 = (float) 95.0;
float x1, x2, y1, y2;

float odd_align;

float odd_base = (float) 61.0;

float mwmhg_x = (float) 20.0, mmhg_y = (float) 60.0;

float even_align;

float even bace = (float) 0.0;

double i_fioat;

float y place;

float no_change = (float) 0.0;

char value_string(31;

float num_height = (flost) 22.0;

float height = (float) 20.0;

int path = 0;

float center_x = (float) 50.0, center_y = (float) 75.0;
float bulb_radius = (float) 16.0, anglel = (float) 105.0;
float angle2 = (float) 75.0;

float top_radius = (float) 10.0;

float top_anglel = /float) 0.0, top_angle2 = (float) 180.0;

menom_yt
manom_y2 + (float) 2.0;

float temp_y;

x1 = manom_x1 + (float) 2.0,

x2 = manom_x2 - (float) 2.0;

yl = - (flcat) 2.0;
= 2.0

y2
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setcolor(&black);

setfont( fontname2 );

bar(&bkgnd_x1, &bkgnd_y1, &bkgnd x2, &bkgnd_y2);
movabs( &center_x, &center_y );
setcolor(&white);

bar(&x1, &y1, &x2, &y2);

setcolor(&dark _gray);

feir(8bulb_radius);

setcolor(&white);

arc( &bulb_radius, &anglel, &angle2 );
movabs( &center_x, &manom_y1 );

arc( &top_radius, &top_anglel, %top_angle2 );
temp_y = manom_y1 + (float) 2.0;

movabs( &center_x, &temp_ y );

flood( &white );

box(&manom_x1, &menom_y1, &manom x2, &manom_y2);
setstext(&height, &aspect, &path);
setstclr(&white, 0);

movtcurabs(&mmhg_x, &mmhg_y);

stext( “mmHg" );

setstext(&ram_height, Zaspect, &path);
setzolor(&red);

for(i=0; i1<=30; i++)(

>

y_place = manom_y2 - (float) 15.0
+ (float) i * (float) 28.0;
i_float = fabs( (dou'e) i * 10.0 ) + .99999;
if (iR==0 (
even_align = even_base +

Contract No. DAMD17-88--C-8018

( (float) (2 - (int) log10(i_float) )

* (float) 7.0 );
movtcurabs(&ever_align, &y_place);

)
else {
odd_align = odd_base +
( (float) (2 = (int) log10(i_float) )
* (float) 4.0 );
movtcurabe(&odd_slign, &y place);
)

itoa(i*10, value_string, 10);
stext( value_string );

setfont(fontname);
oeltcur();

void set_up_icu disp()

{

float
float
float
float
float
float
float
float
float
float
float

x1 = (float) 100.0, y! = (float) 955.0;

x2 = (float) 1000.0, y2 = (float) 350.0;

rect_x1 = (float) 700.0, rect_y! = (float) 930.0;
rect_x2 = (flost) 975.0, rect_y2 = (float) 725.0;
left_axis x = (float) 110.0;

right_axis_x = (float) 650.0;

g1_axis_y = (float) 665.0;

g91_axis_length = (float) 275.0;

92_axis_y = (float) 360.0;

g2_axis_length = (float) 275.0;

no_change = (float) 0.0;

HoH
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float hatct_length = (flost) 16.0;
float minus_hatch_length = (float) -10.0;
float left_start_x, right_start_x;

float timer_label x = (float) 130.0;

float timer_label_y = (float) 632.0;

float timer_height = (float) 18.0;

static char timer_label(] = { '1 SECOND BETWEEN MARKERS" };
float graph_label x = (float)410.0;

static char over_graph_label [} = ( "FULL SCALE = “ );
float msec_label_x = (float) 580.0;

static char msec_label{] = { "MSECS" );

float height = (float) 20.0, dig_height = (float) 30.0;
float diag_height = (float) 70.0;

int path = C;

float bp {bi_x1 = (float) 700.0, bp_Lbl_yi
float bp_Lbl_x2 = (float) 910.0, bp_Lbl_y2
static char bp_LbL[] = { “mmHg" );

float hr_ibl_x = (float) 830.u, hr_ibl_y = (float) 680.0;
static char hr_tblL{] = ( "HR® };

float bpm_Lbl_x = (float) 910.0, bpm_Lbl_y = (float) 620.0;
static char bpm_Lbl[] = { “bpm" );

float sys_ibl_x = (float) 750.0, sys_lbi_y
static char sys_tbl[]l = { uSYS® );

float dias_Lbl_x = (float) 870.8, dias_Lbl_y = (float) 565.0;
static char dias_Lbl[] = { "DIAS" };

float map_lbl_x = (float) 820.0, map_ibl_y = (float) 450.0;
static char map_Lbl[} = { "MAPY };

float diag_Lbl_x = (float) 819.0, diag_lbl_y = (float) 485.0;
static char diag_Lbl[] = ( w/n ),

(float) 355.0;
(float) 455.C;

(float) 565.0;

float date_x = (float) 705.0, date_y = (float) 730.9;
char date(9];

int hatch_index = 1;
flost date_height = (fleat) 30.0;
float gms_x = (float) 735.0, gms_y
float gms_height = (float)100.0;
static char gms{] = { “GMS® );

(float) 820.0;

float eng_x = (float) 720.0, eng_y = (float) 820.0;
float eng_height = (float) 20.0;
static char eng_corpll = { “Engineering Corporation" };

/* Draw background rectangle, */
setcolor(&blue);
bar(&x1, &y1, &x2, &y2);

/* Draw info rectangle. */
setcolor(&bright_blue);
bar(&rect_x1, &rect_yl, &rect_x2, &rect_y2);

/* Write company name. */
sethatchstyle(&hatch_index);
setstclr(&white, &white);
setstext(&gms_height, &aspect, &path);
movtcurabs(&gms _x, &gms_y);

stext( gms );

setstext(&eng_height, aspect, &path);
movtcurabs(Zeng_x, &eng_y);
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stext( eng_corp );

/* Write date, %/
setstext(&date_height, &aspect, &path);
setstclr(dwhite, &white);
_strdate(date);

movtcurabs(&date_x, &date_y);

stext( date );

/* Draw axes. */
setcclor(&light_blue);
left_start_x = left_axis_x + hatch_length;

right_start_x = right_axis_x + minus_hatch_length;

movabs(&left_start_x, &g91_axis_y);
tnrel (&minus_hatch_length, &no_change);
tnrel(&no_change, &g1_axis_length);
tnrel(&hatch_tength, &no_change);
movabs(&right_start_x, &gl1_axis_y);
Inrel (&hatch_length, &no_change);

Inret (&no_change, &g1_axis_length);
lnrel (&minus_hatch_length, &no_change);
movabs(&left_start_x, &g2_axis_y);
Lnrel (&minus_hatch_length, &no_change);
Inrel (&no_change, &g2_axis_length);
Inrel(&hatch_length, &no_change);
movabs(&right_start_x, &g2_axis_y);
Inrel (&hatch_length, &no_change);
Inrel(&no_change, &g2_axis_tength);
inrel (&minus_hatch_length, &no_change);

/* Draw timer label. */

setfont( fontname2 );
setstext(&timer_height, &aspect, &path);
movtcurabs(&timer_label_x, &timer_label_y);
setstcir(&light_blue, 0);

stext( timer_label );
movtcurabs(&graph_label x, &timer_label_y);
stext( over_graph_label );
movtcurabs(&msec_label _x, &timer_label_y);
stext( msec_label );

setfont( fontname );

/™ Draw BP grasph label. */
setstext(&height, &aspect, &path);
movtcurabs(bp_Lbl_x1, &bp_Lbt_y1);
setstcir(&yellow, 0);

stext( bp_Lbl );

/* Draw digital display labets. */
setstext(&dig_height, Laspect, &path);
movtcurabe(&hr_Lbl_x, &hr_lbl_y);
stext( hr_ibtl );
movtcurabs(&sys_Lbl_x, &sys_lbl_y);
stext( sys_Llbt );
movtcurabs(&dias_Lbl_x, &dias_(bl_y);
stext( dias_tbl );
movtcurabs(&mep_Lbl_x, &map_Lbl_y);
stext{ map_lbl );

setstext(Zheight, Xaspect, &path);
movtcurabs(dbp_(bl_x2, &bp_lbl_y2);
stext( bp_lbl );
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movtcurabs(&bpm_tb
stext( bem_Lbl );

setstext(8diag_height, &aspect, &path);

L_x, &bpm_ibl_y);

movtcurabs(&diag_lbl_x, &diag_Lbl_y);

stext( diag_ibl );
deltcur();
>

void set_up process_disp()

float x1
float x2

float height = (float) 25.0;

float mmhg_height
int path = 0;

= (float) 20.0;

(float) 100.0, y1 = (float) 350.0;
(float) 1060.0, y2 = (float) 48.0;

float cuff_x = (float) 409.0, cuff y = (float) 320.0;

static char cuff(]

= { “CUFF" );

float press_x1 = (float) 409.0, press_yl = (float) 298.0;

float press_x2 = (float) 460.0, press_y2

static char press(] = { "PRESSURE" );

float venous_x = (float) 460.0, venous_y

static char venous{] = ( "VENOUS" );

float mmhg_x1 = (f

loat) 479.0, mmhg_y1

float mmhg_x2 = (float) 530.0, mmhg_y2

static char mmhg[]
float core_x = (fl
static char core{)

= { "mmHg" );
cat) 700.0, core y =
= ( IlcmEll N

float temp_x1 = (float) 700.0, temp_vi
float temp_x2 = (float) 80C.0, temp_y2

static char templ]}
float skin_x = (fl
static char skin[}
float degrees_c_x1
floa: degrees_c_yt

= { YTEMP* );
oat) 800.2, skin_y =
{ "SKIN® };
(float) 755.
(float) 145.
{float) 855.

(float) 171.0;

(float) 193.0;

= (float) 265.0;
= (float) 145.0;

(float) 193.0;

= (float) 171.0;
= (float) 289.0;

(float) 311.0;

N ou N

float degrees_c_x2

float degrees ¢_y2

static char

/loat
float
float
float
float
float
float
float
float
float
float

float
fioat
float
float
float
float
float
fioat
float

cxl
cx2
vx1

(float) 2
degrees c{l = ( "'

(float) 382.0, cyt
(float) 388.0, cy2
(float) 434.0, vyl

60.
cn

wOoOoo
ws w3 wms ws ws

(float) 291.0;
(float) 270.0;
(float) 145.0;

4 B

vx2 = (float) 439.0, vy2
redius = (float) 15.0;
arc_radius = (float) 11.0;

(float) 128.0;

angle! = (float) 20.0, angle2 = (float) 160.0;

cuff gage x = (float) 386.0;
cuff_gage y = (float) 315.0;

venous_gage_x
venous_gage y

s_therm_x
c_therm_x

Hwonn

(float) 437.0;
(float) 170.0;

(float) 790.0, s_therm_y
(float) 690.0, c_therm_ y

(float) 270.0;
(float) 135.0;

no_change

(float) 0.0;

therm_height = (float) 50.0;

half_therm width = (float) 4.0;

therm_radius
thers_anglel
therm_angle2

(float) 3.0;
(float) 0.0;
(float) 180.0;

end_arc, who_cares;
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/* Draw background rectangla. */
setcolor(&white);
bar(&x1, &y1, &x2, "y2);

/* Draw loop outline. */
setcolor(&red);
draw_loop_outline();

/* Write labels and units. %/
setstext(&height, &aspect, &path);
setstcir(&blue, &blue);
movtcurabs(&cuff_x, &cuff_y);

stext( cuff );

movtcurabs(&press_x1, &press_y1);
stext( press );

setstext(&mmhg_height, &aspect, &path);
movtcurabs (&mmhg_x1, &mmhg_y1);

stext{ mmhg );

setstclr(&bright_pink, &bright_pink);
setstext(&height, &aspect, &path);
movtcurabs(&venous_x, &venous_y);
stext( venous );

movtcurabs(&press_x2, &press_y2);
stext( press );

setstext(&mmhg_height, &aspect, &path);
movtcurabs (&mmhg_x2, &mmhg_y2);

stext( mmhg );

setstclr(&red, &red);
setstext(&height, &aspect, &path);
movtcurabe(&core_x, &core_y);

stext( core );

movtcurabs(&temp_x1, &temp_y1);

stext( temp );
movtcurabs(&degrees_c_x1, &degrees c _y1);
stext( degrees_c );
movtcurabs(&skin_x, &skin_y);

stext( skin );

movtcurabe(&temp_x2, &temp y2);

stext( temp );
movtcurabs(2degrees_c_x2, &degrees_c_y2);
stext( degrees ¢ );

deltecur();

/* Draw pressure gages. */
setcolor(&bright_blue);

bar( &cx1, &cyl, &cx2, &cy2 );
movabs(&cuff_gage x, &cuff_gage y);
feir( &radius );

setcolor(&black);

box( &x1, acyl, &cx2, &cy2 );

cir{ &radius );

arc( &arc_radius, Ranglel, 2argle2);
seteclor(&brigh._pink);

bar( &vx1, &vyl, &vx2, &vy2);
movabs(Svenaus _gage x, &venous_gage y);
fcir( &radius );

setcolor(&black);

box( &vx1, Bvyl, &vx2, &vy2);

cir( &radius );

arc( &arc_radius, &anglel, 2angle2);
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/* Draw the mometers. */

seteolor( &red );

movabs( &c_therm_x, &c_therm_ y Y;

Inrel( &no_change, &therm height );

movrel( &half_therm_width, &no_change );

arc( &therm_radius, &therm_anglel, &therm_angle2);
movabs( &c_therm x, &c_therm y );

movrel ( &half_therm_width, &no_change );

arc( &therm_radius, &therm_angle2, &therm_anglel);
ingarc( &who _cares, &who_cares, Rend_arc, &who_cares );
movabs( &end_arc, &c_therm_y );

Inrel ( &no_change, &therm_height );

movabs( &s_therm_x, &s_therm_y );

inrel( &no_change, &therm_height j;

movrel( &half_therm_width, &no_change );

arc( &therm_radius, &therm_anglei, &therm_angle2 );
movabs( &s_therm_x, &s_therm_y );

movrel( &half_therm_width, &no_change );

arc( &therm_raa Js, &therm_angle2, &therm_anglet);
inqarc( &who_cares, &who_cares, &end_arc, &who_cares );
movabs( &end arc, &s_thermy );

Inrel( &no_change, &therm_height );

void set_up_options_bar()

{

3

float x1 = (float) 9.9, y1 = (float) G.0;
float x2 = (float) 1000.0, y2 = (float) 47.9;
int path = 0;

float height = (flsat) 22.0;

float words_x = {flost) 4.0, words_y
float funcs _x = (floa*) 0.0, funcs y
int hatch_index = 1;

(float) 0.0;
(fioat) 19.0;

static char func1()} = " Fi Fe F3 ",
static char wordi(l = "FREEZE LOCK-2ERQ DEC-SPEED";
static char func2li = " F4 FS F& w;:

static char word2{] = " INC-SPEED SETTINGS CHANGE-GRAPH";
static char fure3[] = # F7 F8u;

static char word3[] = " hWELP STOP-PROCESS";
setcolor{kbright_blue);

bar(ax1, &y1, &x2, &y2);

setfont( fontname2 );
sethatchstyle(&hatch_index);
setstelir(&white, &white);
setstext{&height, Laspect, &path);
movteurabs(&funcs_x, &funcs_y);
stext! funcl );

stext( func? );

stext( funcl );
movtcurabs(8words .., &words_y);
stext{ wnrdl );

stext( word? );

stext{ word3 );

setfont( fontname );

deltcur();

void update menometer{ float cuff_pressure }
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. float div_length = (float) 14.0;
float minus_smaii = (float) -5.0;
float hatch_length = (float) 4.0;
float up_hatch = (float) 14.0;
' float move_x, move_y;
float no_change = (float) 0.0;
float manom x1 = (float) 40.0, manom_x2 = (float) 60.0;
float manom_y1 = (float) 935.0, manom y2 = (float) 95.0;
' float manom_range;
float x1, x2, v1, v2;
float max_pressure = (float) 300.0;
static float old_cuff _press = (float)-1.0;
static int old_max_hatch = 0;
int i, max_hatch;
int top_hatch, bottom_hatch;
float height_chunk;
' static int first_time_manom = 1;

if (manom_restart) (
old_cuff_press = (float)-1.0;
old_max_hatch = 0;
first_time_manom = 1;
manom_restart = 0;

2}

height_chunk = (float) 2.0 * up_hatch;
x1 = manom_x1 + (float) 4.0
x2 = manom_x2 - (float) 4.0
y1 = manom_y1 - (float) 2.0
y2 = manom_y2 + (float) 2.0;
manom_range = y1 - y2;
max_hatch = (int)(cuff_pressure ; (float) 10.0);
if (cuff_pressure > (float)300.0) cuff_pressure = (float)300.0;
if (cuff_pressure < (fleat)0.0) cuff_pressure = (float)0.0;
cuff_pressure = y2 + (cuff_pressure / max_pressure)

* manom_range;

M

-
'
.
’
.
14

}

if (first_time_manom) {
old_cuff_press = y2;
' setcolor( &dark_gray );
bar( &x1, &cuff_pressure, &x2, &old cuff_press);
top_hatch = 29;
bottom_hatch = 0;
' first_time_manom = §;
)
else {
if ((int)cuff_pressure == (int)old_cuff_press) return;
if (cuff_pressure < old_cuff press} ¢
setcolor( Ewhite );
if (cuff_pressure < y2) cuff_pressure = y2;
bar({ &x1, &old_cuff_press, &x2, &cuff pressure );
top_hatch = old_max_hatch;
. bottom_hatch = mex_hatch;

>
if (cuff_pressure > old_cuff_press) {
setcolor( &dark_gray );
if (cuff_pressure > y1) cuff_pressure = y';
bar( &x1, &cuff_pressure, &x2, &old_cuff cress);
top_hatch = mex_hatch;
bottom_hatch = old_max_hatch;
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I setcolor( &red );
move_x = manom_x1+(float) 2.0;
move_y = manom_y2-(float) 1.0+((float)bottom_hatch * height_chunk);
movabs(&move_x, &move_y);
l lnrel(&div_length, &no_change);
move_x = (float) =1.0 * hatch_length;
setcolor(&red);
for(i=bottom_hatch; i<=29 && i<=top_ hatch; i++)(
movrel (&minus_small, &no_change);
movrel(&mive_x, &up_hatch);
Lnret(&hatch_length, &no_change);
movrel (&minus_small, &no_change);
movrel (&move_x, &up_hatch);
Inr2{(&div_length, &no_change);
>
old_cuff_press = cuff_pressure;
' old_max_hatch = max_hatch;
>

void update_icu(int update, int freeze, int lock, nt inc_dec)
{

int hatch_index = 1;

int path = 0;

float height = (float) 80.0;

static int changed_date = 0;

irt time_over_graph, temp_recent_data, num pts_plotted;
float msec_x1 = (float) 527.0, msec_yl = (float) 632.0;
float msec_x2 = (float) 570.0, msec_y2 = (float) 652.0;
float msec_height = (float) 20.0;

char msec_string(5]1;

int old_msec = 0;

J

float hr_base_x = (float) 780.0;

fioat sys _base x = (float) 700.0;

float dias_base x = (float) 865.0;

float map_base_x = (float) 780.0;

float hr_x, hr_y = (float) 590.0;

float sys_x, sys_y = (float) 475.0;

float dias_x, dias_y = (float) 475.0;

float mep_x, mep_y = (float) 360.0;

float plus = (float) 10.0;

float hr_yl = hr_y + plus;

float sys_yl = sys_y + plus;

float dias_yt! = dias_y + plus;

float map y! = map_y + plus;

float hr_x2 = (float) 910.0, hr_y2 = (float) 675.0;
float sys_x2 = (float) 835.0, sys_y2 = (float) 5460.0;
float dias_x1 = (float) 865.0, dias_x2 = (float) 1000.0;
float mep_x2 = (float) 1000.0, map_y2 = (float) 445.0;
char string(3];

static int sys = 0;

static int dias = 999;

static int hr = 0;

static int map = 0;

static int old_hr = -99;

static int old_sys = -99;

static int old_dias = -99;

static int old_map = -99;

Hon
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double map_float, hr_float, sys_float, dias_float;

float date_haight = (float) 30.0;
float time x = (float) 860.0, time_y = (float) 730.0;

float time_x2 = (float) 975.0, time_y2 = (float) 760.0;

float date_x = (float) 705.0, date_y = (float) 730.0;
char date(9];

char time{9);

static char old _second = 'g';

float g_x1 = (float) 112.0;

int g1_y1 = 669;

float g1_yt_float = (float) 669.0;

float g_x2 = (float) 648.0;

int g1_y2 = 938;

float g1_y2_float = (float) 938.0;

float {ength_graph, length_plotted graph;
float length_Left, percent_of_line;
float y_difference;

int g2_yl = 362, g2_y2 = 631;

float g2_y1_float = (float) 362.0, g2_y2_float = (float) 631.

float over_x1, old over_x1;
int set = 1;

int g1_range, bp_range, g_range;

int bp max, bp_min;

int bp;

static int first_time_bp = 1;

float hatch_length = (float) -3.0;

float dot_(ength = (float; =1.0;

float no_change = (float) 0.0;

float timer_level = (float) 658.9:

float timer_base = (float) 655.0;

float timer_height = (float) 7.0;

float top_timer;

float newval;

static float g2_oldval;

static flost ecg_g1 oldval;

int ecg, ecg_range;

int ecg max = 10, ecg_min = -10;

static float cuff_gi_oldval;

static float venous_g1_oldval;

int press_range;

int press_max = 300, press_min = 0;

int cuff, venous;

static float pps_g1_oldval;

int pps, pps_range;

int pps_max = 6000, pps_min = 0;

int temp_max = 50, temp min = 0;

int arter_max = 300, arter_min = 0;

int more_old_data, plot_point, previous_point;
int old_g1_graph = 0;

int new_point;

int difference;

int less_new;

static int num_loops = 0;

static double sum_squares = 0.0;

static int sys_array(10] = (0,0,0,0,0,0,0,0,0,0);
static int dias_array{10]
=

{
static int mep_array(10] = (0,0,0,0,0,0,0,0,0,0);
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999,999,999,999,999, 999,999, 999,999,999} ;
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static int hr_array(10] = (0,90,0,0,0,0,0,0,0,0);
static int first_time = 1;

static int alpha_inc, beta_inc, alpha_sian, oeta_sign;
static int actusl pp, desired pp, err_pp, err_dias;

int i;
int fldsize = 3;

static int positv_siope = 1;
static int reset = 1;

static int upper_not_crossed
static int lower_not_crossed
static int avg_bp = 1;

static int end_of_period = 0;
static int end_of_period last = 0;

1;
1;

int arter_hi_max = 360, arter_low _max = 330;
int temp_alrm_max = 43;
int temp_diff_max = 10;
int pps_alrm_max = 6000;

int cuff_hi_max = 360;

int cuff_lLow max = 330;

static int num_points_over_max = 0;

if (icu_restart) (
changed date = 0;
sys = 0;

first_time hp = 1;

nun_Loops = 0;

sum_squares = 0.0;

for (i=0; i<=9; i++) (
sys_array(il = 0;
dias_arraylil = 999;
map_array{i] = 0;
he_arraylil = 0;

)

first_time = 1;

positv_slope = 1;

reset = 1;

upper_not_crossed

lower_not_crossed

avg bp = 1;

end _of _period = 0;

end of_period_last = O;

mam_points_over_max = 0;

icu_restart = 0;

1
1;

)

/* Draw info box. Write in time and date. */
setcolor( &bright_blue );
sethatchstyle(&hatch_index);
setstext(8&date_height, Zaspect, &path);
setstclr(&white, Swhite);
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_strtime(time);

/* Only rewrite date if it has changed. */

if (time(0J=='0* && time[1)==70' && ch-nged_date == 0){
bar( &date_x, &date y, Stime_x, &time_v2 );
_strdate(date);
movtcurabs(&date x, 8date_yj);
stext( date );
changed_date = 1;

b

/* Only rewrite time if it has changed. */

if (time(7] != old_second)(
bar( &time_x, &time_y, &time _x2, &time_y2 );
movtcurabs(&time_x, &time_y);
stext( time );
deltcur();

>

old_second = timel7);

/* Update distance to move point across screen when change has
been requested. */
if (inc_dec 1= 0) (
over +z (delta_over * inc_dec);
if (over <= min_over) (
over = min_over;
at_low_Limit = i;
)
if (over >= max_over) (
over = max_over;
at_up limit = 1;
)
)
over_x1 = g_x2;

g1_range =
g2_range =
/* Set bp max and min graph values depending on whether lock
or unlock zero option is selected. */
if (lock == 1) (
bp min
bp_max
>

if (lock == -1) ¢
bp_min = dias -~ 30;
if (bp_min < 0) bp_min ~ %;
bp_max = sys + 30;
if (bp_max > 300) bp_mex = 300;

0;
300;

b
bp_range = bp_max - bp_min;

/* Update sys, dias, map and hr values. */
new_point = (most_recent_plotted + 1) X MAX_MEASURED;

while ( new_point I= (last_measured x + 1) X MAX_MEASURED) (

/* The first time that new_point is ever greater than zero,
it is possible to calculate a stope (since there are at
least two data points). Until the slope is non-zero, do not
process the data. Once the slope is non_zero, begin processing
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the data and never enter this loop again. */

if (first_time) {
if ( new point >= 1) (
tess_new = new_point - 1;
difference = data_base[less_new] - data_base[rew_pointl;
if (difference < -2) slope = 1;
if (difference > 2) slope = -1;

if (siope == 0) goto end_of_dig_loop;
else €

first_time = 0;
3

2

/* Calculate whether the slope of the waveform is flat, negative, or
positive. Consicer it flat if differences are small. */

else {
less_new = (new_point + MAX_MEASURED = 1) X MAX_MEASURED;
difference = data_baselless_new] - data_base(new_pointl;
slope = 0;
if (difterence < -2) slope = 1;
if (difference > 2) slope = -1;

)

/* For every point check for values over allowable Limits, */

if (data(new_point} [ar] > arter_low_max*10) {
error_num = 6;
NUM_errors++;
pmessage = &lo_arter_message[0];
basic_error = 1;
>
if (datalnew_point] [pp] > pps_alrm_max) ¢
"Jm_points_over_max++;
if (num points_over_max > (30 * (int) INT_FREQ) ) (
error_num = 7;
num_errors++;
num_points_over_max = 0;
pmessage = &pps_message (0] ;
basic_error = 1;
>
)
else num_points_over_max = 0;

if (datalnew_point] fcul > cuff_low max*10) (
error_mum = 8;
NUR_errors++;
pmessage = &lo_cuff_message(0];
basic_error = 1;

if (datalnew point) [ar] > arter_hi_max*10) (
error_num = 1;
NUM_errors++;
major_error = 1;
pmessage = &hi_arter_message(0;;
)
if (datalnex_point] [cu) > cuff _hi_max*10) (
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error_num = J;
MUn_errors++;
msjor _error = 1;
pmessage = &h1_cuff_message[0];
)
if (datalnew_pointl col > temp_alrm max*10) (
error_num = 3;
TUM_errors++;
major_error = 1;
pmessage = &core_message[0];
)
if (datalnew_point] [sk] > temp alrm_max*10) (
error_num = &;
IUM_errors++;
major_error = 1;
pmessage = &skin_messagel0];

For every point, update number of points, sum of squares, ana when
appropriate, systolic or diastolic estimates. */

nuam_pts++;

/* 1f highest value so far, consider it systolic. */
if ( data_base(new_point) > sys_array[num_loopsi*10 )
sys_array{num_loops] = data_baselnew_point}/10;

/* 1f lowest value so far, consider it diastolic. */
if ( data_base{new_point] < dias_array(num_loops]*10 )
dias_array{num_Loops] = data_base{new_pointl/10;

sum_squares += (double) (data_base[new_point]l/10)
* (double) (data_base[new _pointl/10 );

Determire whether have reached end of a period by keeping
track of when waveform passes through a range (at 3/¢ of
the distance up between systolic and diastolic) with
the same slope as it had at the end of the last period. */

avg_bp = ((3* old_sys) + old_dias) / &;
if (stope == positv_slope) (

if (lower_not_crossed) (
if ( data_bssel[new_point] > ((10%avg_bp? - 23) ) (
lower_not_crossed = 0;
if ( data_base[new_point]l > ((10%*avg bp} + 20 ) ) (
upper_not_crossed = 0;
end_of_period++;
reset = 0;

else (
if (upper_not_crossed) (
if (data_base{new_point]l > ((10*avg_bp) + 20) ) {
upper_not_crossed = 0;
end_of_period++;

reset = 0;
)
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)

/* Reset the "not_crossed" markers for next time siope becomes
positive. */
>
if ( (slope 1= positv_slope) && !freset ) (
upper_not_crossed = 1;
lower_not_crossed = 1;
reset = 1;

/* Only calculate and update digital bp values at end of a period or when
num_pts is 50X greater than the num_pts_in_period. */

if ( (num_pts == (int) ((double)num_pts_in period * 1.5) ) ||
(end_of_period != end_of_period_last) ) (

if( num_pts < (int) ((double)num_pts_in_period * .9) ) (
upper_not_crossed = 1;
lower_not_crossed = 1;
reset = 1;
end_of_pericd--;
goto keep_going;
>

if (end_of_period !'= end_of_period_last )
hr_array[num_toops] = (int)
((60.0 / (double)num_pis)
* (1000.0 / (double)sample_interval));

map_array{num_loops] = (int)( sqrt{sum squares) / sqrt((double)num pts));
>

num_pts = 0;
num_{oope++;

if (num_loops >= UPDATE_X_LOOPS)(
nun_loops = 0;

sys = 0;
dias = 0;
map = 0;
hr = 0;

for(i=0; i < UPDATE_X_LOOPS; i++){
Sys += gys_array[il;
sys_array{il = 0;
dias += dias_array[il];
dias_array[i] = 999;
map += map_array(il;
map_arrayl[il = 0;
hr += hr_array{il;
hr_array(il = 0;

)

sys = sys / UPDATE_X_LOOPS;

if( sys <0 ) gys =

=1

if( sys > 300 ) sys = 999;
sys_valve = sys;
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dias = dias / UPDATE_X_LOOPS;
if( dias < 0 ) dias = 0;
if( dias » 300 ) dias =
dias_valve = dias;
map = map / UPDATE_X_LOOPS;
if( map < 0 ) map H
if( map > 300 ) mag = 999;
hr = hr / UPDATE_X_LOOPS;
if( hr <0 ) hr = 0;
if( hr > 180 ) hr =
if( sys < dias ) (
sys = 0;
dias = 0;

999;

")
) Of

999;

/* Write in large bp numbers if they have
changed. For hr and map, only write values
if end of period has been reached and is equai
to update_x_loops. */

setcolor( &blue );

setstext(&height, &aspect, &psath);

setstelr(&yellow, &yellow);

if (end_of_period 1= UPDATE_X_LOOPS) (
bar( &hr_base x, &r_y1, &hr_x2, &r_y2 );
bar( &map_base x, &mep y?, &map x2, &map y2 );

>

if ¢hr 1= old_hr && end_of_period == UPDATE_X_LOOPS) (
bar( &hr_base_x, &hr_y1, &r_x2, &hr_y2 );
hr_float = fabs((double) hr) + .99999;

. DAMD17-88-C-8018

hr_x = hr_base x + ( (float) ( 2 = (int) log1U( hr_*loat ) )

* (float) 35.0);
movtcurabs(&hr_x, &hr_y);
itoa( hr, string, 10 );
stext( string );
>
if (sys t= old sys) (
ber( &sys_base x, &sys_y1, &sys_x2, &sys_y2 );
sys_float = fabs((double) sys) + .99999;
sys_x = sys_base_x + ( (float) ( 2 = (int) log10(
* (float) 35.0);
movtcurabs(&sys_x, &sys_y);
itoa( sys, string, 10 );
stext( string );
}
if (dias 1= old dias) (
bar( &dias_base_x, &dies_y1, &dias_x2, &sys_y2 );
dias_float = febs((double) dias) + ,99999;
dias_x = dias_base x + ( (float)
( 2 - (int) Log10( dias_float ) )
* (float) 35.0);
movtcurabs(&dias_x, &dias_y);
itoa( dias, string, 10 ):
stext( string );
b
if (map 1= old_map && end_of period == UPDATE_X_LOOP3)
bar( &mep_base_x, &map_yl, &map x2, &mep_y2 );
mep_float = fabs((double) map) + .99999;
map x = map_base x + ( (float) ( 2 = (int) Log10(

sys_float ) )

{

map_float ) )
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* (float) 35.0);
movtcurabs(&map_x, &mep_y);
itoa( map, string, 10 );
stext( string );

}

deltcur(y;
old_hr = hr;
old_sys = sys;
old_dias = dias;
old _map = map;

/* adjust coefficients alpha and beta to bring actual pressures to set point */

keep_going:

/Q

actual_pp = sys = dias;
desired_pp = sys_set -
alpha_inc = 50;
beta_inc = 50;
alpha_sign = 1;
beta_sign = 1;
err_pp = abs( actual_pp -~ desired _pp );

dias_set;

if( err_pp <= 25 ) alpha_inc = 20;
if( err_pp <= 15 ) alpha_inc = 10;
if( err_pp <= 10 ) alpha_inc = 5;

if( err_pp <= 5 ) alpha_inc = 1
if( err_pp <= 1 ) alpha_inc = 0
if( actual_pp > desired_pp ) alpha_sign = -1;
alpha = alpha + (alpha_sign * alpha_inc);

if( alpha > 1000 ) alpha = 1000;

if( alpha < 10 ) alpha = 10;

err_dias = abs( dias - dias_set );

s we

if( err_dias <= 25 ) beta_inc = 20;
if( err_dias <= 15 ) beta_inc = 10;
if( err_dias <= 10 ) beta_inc = 5;
if( err_dias <= 5 ) beta_inc = 1;
if( err_dias <= 1 ) beta_inc = 0;

if( dias > dias_set ) beta_sign = -1;
beta = beta + (beta_sign * beta_inc);
if( beta > 1000 ) beta = 1000;
if( beta < 1 ) beta = 1;
if( beta > ( alpha * 2 ) ) beta = ( alpha * 2 );
end_of_period = 0;
)
end_of_reriod_last = end_of_period;
sum_squares = 0.0;

For every point, check whether values are above or below max or
min values., */

if
if
if
if
if
if
if
if

(datalnew_point) far]1/10 > bp_max) datalnew_point] {ar] = bp_max*10;
(datalnew_point] {ar]/10 < bp_min) datalnew _point] [ar] = bp_min*10;
(datalnew_point] {ec]/10 > ecg max) datalnew _point] [ec] = ecg_max*10;
(catalnew_point) {ec]/10 < ecg_min) datalnew_point] [ec] = ecg_min*10;
(datainew_point] [cul/10 > press_max) datalnew_point] {cu] = press_max*10;
(datalnew_point] [cu)}/10 < press_min) data(new_point] [cu] = press_min*10;
(data(new_point] [ppl > pps_max) datalnew_point] [pp] = pps_max;
(data[new_point) [pp] < pps_min) data(new_pointl [pp) = pps_min;

H o
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if (datalnew_point)([ve]l/10 > press_max) datalnew_point] {vel = press_max*10;
if (datalnew_point)[ve)/10 < press_min) datalnew_point] {ve]l = press_min*10;
if (data(new_point] [col/10 > temp_max) datalnew_point][ar) = temp_max*10;
if (datalnew_pointl{co}/10 < temp_min) datalnew_point] farl = temp_min*10;
if (datalnew_point] isk}/10 > temp_max) datalnew_point] (ar] = temp_max*10;
if (datalnew _point][sk]1/10 < temp_min) datalnew_point][ar] = temp_min*10;

end_of_dig_loop:
new_point = ++new_point X MAX_MEASURED;
b
new_point = last_measured x;
while ( new_point != most_recent_data ) {

data(new_point] [sk]l++;

data(new_point] {di]
data{new_point) [gr]

over;
data(last_measured x] {grl);

NN

/* Calculate y graph positions for newest set of data. */
ecg = datalnew_pointj [ec1/10;
ecg_range = ecg_mex - ecg_in;
datalnew_point] (ec] = g1_yl + (int) ( (float)(ecg - ecg_min)
* (floatjgl_range / (float)ecg _range );
cuff = datalnew_point] [cul/10;
press_range = press_max - press min;
data{new_pointsfcul = g% _y1 + (int) ( (cuff - press_min)
* (fleat)gl_range / (float)press_range );
venous = ds.alnew_doint] [ve)/10;
data(new pointlive)l = g1_y1 + (int) ( (venous - press_min)
* (float)gl_range / (float)press_range );
pps = datalnew_point, [rp];
pps_range = pps_max - pps_min;
data{new_pointl[pol = gi_y! ¢ (int) ( (pps - pps_min)
* (float)gl_range / (Float)pps_range );
datalnew_pointl[ral = bo_range;
bp = datalnew_point] far]/10;
datalnew_pcint] {ar] = g2_yl + (int)( (bp = bp min) *
(float)g2_range / (float)bp_range );

datalnew_pointj [sk] = last_measured;
datalnew point][co] = {ast_measured x;

new_point = (MAX_MEASURED 4 --new_point) X MAX_MEASURED;
most_recert_dats = last_measurad x;

/* 1f graphs are already in freeze state, do not updste graphs
at all. Skip over the rest of the subroutine. */
if ( ifrozen } {

satcolor( &blue );

/* 1f just freezing gragh, draw navy background to prepare
tc update both graphs. »/

if (freeze == 1) setcolor{ tnavy ;;

/* Only draw over old graph if a naw graph is to be drawn. */

if fupdate == GRAPHS EVERY ¥ || freeze == 1) (
bar(ig_«i, &g1_yi_float, &g_x2, 8gl_y2_float);
bar(®g x1, &g2_v1_float, ig_x2, Rg2_y2_flcat);
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top_timer = timer_base + timer_height;
setcolor( &blue );
bar( &g_x2, &timer_base, &g x1, &top_timer );

/* Prepare to keep track of length of graph plotted and

whether there is more data left to plot in data array as
moving backwards through array. */

tength_graph = g_x2 - g_x1 - (float) 1.0;

draw_graph_labels( datalmost_recent_datal [gr],

bp_min, bp_max);

/* Loop to araw top graphs. Starts with most recent data point at the

*/

right of the screen and continues to draw every previous point
until there is no more old data or reach the end of the graph.
Only draws graph when have just frozen or it is time.

if (update == GRAPHS_EVERY X || freeze == 1) (
more_old_data = 1;

end_Lp1:

tength_plotted graph = (float) 0.0;

setc. lor(&light_blue);
movabs( &g_x2, &timer_level );

tnabs( &3_x1, &timer_ievel );

for( plot_point = most_recent_data;

-

more_old_data && length_plotted_graph < ler.3th_graph;
plot_point--){

plot_point = (MAX_MEASURED + plot_point) X MAX_MEASURED;
previous_point = (MAX_MEASURED + plot_point - 1) X MAX_MEASURED;

if (datalprevious_point] (dil == 999) (
more_old_data = 0;
goto end_tp1;
b
length_plotted_graph += (float) data(plot_point] [di);

if ((plot_point X (int) INT_FREQ) == 0) (
over_x1 = g x2 <~ length_plotted graph;
if (over_x1 < g x1) goto end_lpt;
movabs( &over_x1, &timer_base );
Inrei{ &no_change, &timer_height );

more_old_data = 1;
length_plotted_graph = (float) 0.0;
over_x1 = g_x2;

for( plot_point = most_recent_data;

more_old data && {ength_plotted graph < length_graph;
plot_point--){

plot_point = (MAX_MEASURED + plot_point) X MAX_MEASURED;
previous_point = (MAX_MEASURED + plot_point - 1) X MAX_MEASURED;

Contract No
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if (dataiprevious_point] [di] == 999) (
more_old_data = 0;
goto end_lp2;
)
old_over_x1 = over_x1;
over_x1 -= (float) datalplot_point] [di);
tength_plotted graph += (flcat) datalplot _point] [dil;

if (datalplot_pointllgr] == 1) {
/* Draw portion of ecg graph, */
if (data(plot_point] {gr] '= old g1_graph) {
setcalor( &bright_green );
ecg_gl_oldval = {float) datalplot_point] [ec);
if (old_g1_graph == 0)(
movabs{&g_x2, &ecg_gl_oldval);
b
else(
movabs(&old_over_x1, &ecg_gi_oldval);
}
)
ecg_g1_oldval = (float) datalprevious_point] [ec];
/* For last point that will be plotted on graph
(teft_most edge) compute the endpoint of the portion
of the graph that is being graphed. */
if (over_x1 <= g_x1) {
length_left = old_over_x1 -~ g_x1 - (float) 1.0;
percent_of_line = length_left / (float) data(plot_point]{dil;
y_difference = (float) (datalprevious_point] (ec}
= data{plot_point] [ec]);
ecg_gl1_oldval = (float, data{plot_point] [ec]
+ percent_of_line * y difference;
over_x1 = g x1 + (float)1.0;
)

lnabs(&over_x1, &ecg_g!_oldval);
)

else if (datalplot_point)[gr] ==
|| dataiplot_point]{gr] == 3) {

/* Draw portion of cuff graph. */

if ( datalplot_point) (gr] == 2)(
if (datalplot_pointligr] != old_gi_graph) (

satcolor( &bright_blue );
cuff_g1_oldval = (float) data{plot_point] [cu);
if (old_g1_graph == 0){
movabs(&g_x2, &cuff_g1_oldval);
)
else(
movabs(&oid_over_x1, &cuff_gt_oldval);
>

>
cuff_g1_oldval = (float) data(previous_point]{cul;
/* For last point that will be plotted on graph
(ileft_most edge) compute the endpoint of the portion
of the graph that is being graphed. */
if (over_x1 <= g_x1) (
length_left = old_over_x1 = g_xt
- (float) 1.0;
percent_of_line = length_left
/ (float) datalplot_peint) [di};
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y_difference = (float) (datalprevious_point] [cu]
- data([plot_pointl{cul);
cuff_g1 _oldval = (float) datalplot_point] [cul
+ percent_of_line * y difference;
over_x1 = g_x1 + (float)1.0;
b

tnabs{&over x1 &cuff_g1_oldval);
3
/* Draw portion of venous graph. */
if ( dataplot_point)igr] == 3) (
if (data(plot_point]{gr] '= old gt_graph) ¢
setcolor( &bright_pink );
verwus_g1 aldval = (flest) data{plot_point] [vel;
if (ol<_g'_graph == 0)(
movaos(&g_.2, &venous_g1_oldval);
)
else(
movabs(&old over_x1, &venous g1_oldval);
>
b
venous_g1_oldval = (float)datalprevious_point] [vel;
/* For tast point that will be plotted on graph
(left_most edge) compute the endpoint of the portion
of the graph that is being graphed. */
if (over_x1 <= g_x1) {
length_left = old_over_xi - g_x1
- (float) 1.0;
percent_of_line = length_left
/ (float) datalplot_pointl[di];
y_difference = (float) (datalprevious_point] [ve]
- data{plot_point] [vel);
venous_g1_oidval = (float) dataiplot_point] [ve)
+ percent_of_line * y_difference;
over x1 = g _x1 + (fleat)i.0;
M

Inabs(&over _x1, &vencus_gi_oldval);
)
3}
else if (datafplot_pointligr] == 4) {
/* D -aw portion of pps graph. */
if {datalplot_peint] [gr] != old_g1_graph) (
setcolor{ &bright_orange );
pps_g1_oldval = (float) detalplot_poinclipp];
if told_g1_graph == 0)(
movebs(&g_x2, &pps_gl_oldvalj;
?
else{
movabs(&old_over_xt, &pps_y?_oldval);
}
2}
pps_gl_oldval = (float) datalprevious_point] [ppl;

/* For last point that wiil be plotted on graph
(left_most edge) compute the endpoint of the portion
of the graph that is being graphed. */
if (over_x1 <= g x1) (
length_left = old over x1 - g x! - (float) 1.0;
vercent_of_line = length_ieft/ (%loat) datalplot_peint) (di];
y_difference = (float) (datalprevious_point] [ppl
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- - datalplot_point] 1ppl);

pps_g1_oldval = (float) datalplot_point] [pp]

+ percent_of_line * y_difference;
over_x1 = g_xt + (float)1.0;

>

tnabs(&over_x1, &pps_gt_oldval);
b

end_ip2:
>

/* Caiculate the number of milliseconds represented over the length of the graph. */
temp_recent_cata = most_recent_data;
if (temp_recent_data < plot_point) tamp_recent_data += MAX_MEASURED;
rnum_pts_plotted = temp_recent_data - ploi_point;
time_over_graph = (int) (((dcuble) num_pts_plotted / INT_FREQ) * 1000.0);
i¢ (time_over_grapn !'= old msec) {

setcolor( &blue );

bar( &msec_x1, &msec_y', &msec_x2, &msec_yZ };

if ( tmore_old_data ) goto done_msec;

otd_msec = time_over_graph;

setstext(&msec_height, Raspect, &path);

setstelr( &light_blue, &light_blue );

movtcurabs (dmsec_x1, &msec_y');

izoa(time_over_graph, msec_string, 10);

stext( msec_strirg );

delteur();
>
done_msec:

'

l old_s1_greph = datalplot_poinrt] {gr};

)
l /* Craw bp graph when have just frozen or it is time. ¢/
if (update == GRAPHS_EVERf X || freeze == 1) ¢
more_old data = 1;
iength_plotted_graph = (float) 0.0;
l over_x1 = g x2;
setcolor( &yel'ow );

rewval = (float) dataimost_recent_data] far};
movabs(&g_x2, &newval);

for( plot_point = most_recent_data;
more old _data && length_plotted graph < length_graph;
' plot_point--){
plot_point = (MAX_MEASURED + plot_point) X MAX MEASUREC;
previous peint = (MAX_MEASURED + plot_point - 1) % MAX_MEASURED;

if (datalprevicus_point] {dil == 999) (
more_old _data = 0;
goto end_Lp3;

b

old over_x1 = over_xi;
over_xi -= ‘float) data(plot_point]{di];
length_plotted_graph += (float® datalplot_point] {dil;
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/* Draw portion of bp graph. */
g2_oldval = (float) datalprevious_peint] [ar];

/* For last point that will be plotted on graph
(left_most edge) compute the endpoint of the portion
of the graph that is being graphed. */
if (over_x1 <= g x1) {
length_left = old_over_x1 - g_x1 - (float) 1.0;
percent_of_line = length_Lleft/ (float) datalplot_point] [di);
y difference = (float) (datalprevious_point] [ar]
- data(plot_point] [ar]);
g2_oldval = (float) datalplot_point] {ar]
+ percent_of_line * y_difference;
over x1 = g x1 + (float)1.0;

aE N EBm M e

>
inabs(&over_x1, &g2_oldval);
end_tp3:

b
}
if (freeze == 1) frozen = 1;
>
b

void update_process{int pps,int cuff,kint venous,int core,int skin)

int color;

float cursor_x = (float) 165.0, cursor_y
double angle;

float center_x = (float) 170.0, center_y = (float) 182.0;

float small_radius = (float) 4.0;

float very_small_radius = (float) 2.0;

int normal_width = 1;

int odd_number_line_width = 3;

float length_line = {float) 20.0;

float move_x, move_y, temporary;

float twice x, twice_y;

float cos_angle, sin_angle;

float reller_radius = (ttoat) 7.0;

int i;

double angle_radians;

static double current_angle = 360.0;

int angle_int;

double pps_constant = (float) 0.20, loop_time = (fioat) ( 10.0 / INT_FREQ );
float pump_radius = (float) 28.0;

(float) 245.0;

int hatch_index = 1;
int path = 0;

float height = (floecy 40.0;

float cuff x
float venous

(float) 409.0, cuff_y = (float) 261.0;

= (fioat) 460.0, venous y = (float) 135.0;
float core x = (float) 700.0, core_y = (float) 135.0;
float skin_x = (float) 800.0, skin_y = (float) 251.0;
float plus = (float) 5.0;

float cuff_yp = cuff_ y + plus;

float venous_yp = venous_ y + plus;

float core_yp = core_y + plus;

>x

won
nou
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float
float
float
float
float

skin_yp = skin_y + plus;

cuff_x3 = (flost) 479.0, cuff_y3 = (float) 300.0;
venous_x3 = (float) 530.0, venous_y3 = (float) 174.0;
core_x3 = (float) 753.0, core_y3 = (float) 174.0;
skin_x3 = (float) 843.0, skin_y3 = (float) 292.0;

char string[3);

char just_stringlél;

char temp_string(33;

int write_cuff, write_venous, write_core, write_skin;
static int old_cuff_dig = -99;

static int old_venous_dig = -99;

static int old_core_dig
static int old_skin_dig

.99'
.99’.

nou

int cuff_line_width;

float
float
float
float
float
float
float
float
float
float
float

int num_lines, j, x =0, y =
static int old num_lines = 0;

float
fioat
float
float
float
float
float
float
float
float
float

top_start_cuff_x = (float) 178.0;
top_start_cuff_y = (float) 295.0;
bottom start_cuff_x = (float) 175.0;
bottom_start_cuff_y = (float) 91.0;
top_cuff_x, top_cuff_y, bottom cuff_x, bottom cuff_y;
top_cuff_ltength_x = (float) 200.0;
top cuff_length_y = (float) -24.0;
bottom_cuff_length_x = (float) 200.0;
bottom cuff_length_y = (float) -19.0;
bottom_Line (9] (2];

top_line(91(21;

1;

mercury_height;
skin_x1 = (“loat) 792.0, skin_y1;

skin_s2 = (float) 796.0, skin_y2 = (float) 267.0;
core_xt = (float) 692.0, core_yi;

core x2 = (float) 696.0, core_y2 = (float) 132.0;
therm_width = (float) 5.0;

back_a_bit = (float) ~4.0, down_a_bit = (float) -4.0;
no_change = (float) 0.0;

max_mercury = {float) 50.0;

max_cory! = (float) 185.0;

max_sknyl = (float) 320.0;

static int old_skin = -99, old _core = =99;
int draw_skin, draw_core;

i* fldsize;

double needle_angle;

float
float
float
float
float
float

tength_needle
cuff_center_x = (float) 386.0;
cuff_center_y = (float) 312.0;
venous_centar_x = (float) 437.0;
venous_center_y = (float) 167.0;
gage_radius = (float) 11.0;

(float) 11.0;

static int old_cuff = -99;
static int old_venous = -99;

static int old_arm_color = 0;
static int old loop_color = 0;

if (process_restart) {

current_angle = 360.0;
otd_cuff_dig = -99;
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old_venous_dig = -99;
old_core_dig = -99;
old_skin_dig = «99;
old_num_lines = 0;
old_skin = -99;
old_core = -99;

old cuff = -99;
old_venous = -99;

old_arm _color = 0;
old _loop_cowor = 0;
process_restart = 0;

/* Draw arm outline. Maintain value of old color. If new
color is the same as old color, do not draw the arm. */
/* Determine new color. */
if ( skin < 20 ) color = navy;
eise if ( skin < 30 ) color = light_biue;
else if ( skin < 35 ) color = 3kin_pink;
eise color = red;
/* 1f color has changed, draw new arm outline. */
if (old_arm_color !x color) ¢
setcolor(&color);
draw_arm_outline();
>
old arm_color = color;

/* Draw cuff. %/

/* Calculate width of cuff. */

if (cuff <= 25) rum_iines = 1;
else if (cuff <= £3) nm_lines = 2;
else if (cuff <= 75) rmum_lines = 3;
2lse if (cuff <= 100) num_Lines
else if (cuff <= 125) rm_lines
else if (cff <= 150) rum_linns
else if (cuff <= 200 num_liner
elgse if (cuff <= 250) rum_lires
else rum _Lines = 9;

if Colc_man_tines == ruae iines) goto end draw_cuff;

K HNEK
e

top_line(01{1) = (Tloat) u.0;
top_tinef{1111] = (fioat) 3.0;
tep_Line[21 (1] = (flost) 6.9;
top_tine (3111} = (ficat) 9.0;
top_Line{4]{1] = (float) 12.0;
top_Line{5]1 (1] = (float) 15.0;
top_line (63 (1] = (float) 17.0;
top_tine(7) [1] = (flcat) 20.8;
top_tire{8J (1] = (float) 23.9;

for (i=0;i<=8;{++) (
i=9
top_Lineli){i} = (float)1.90;
bottom line[i]{j) = {float)1.0;
=y

bottom_Line[i1[j1 = top_tinelid (j];
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cuff_line_width = 1;
setinwidth( &cuff_line_width );

if (rum_Lines < old_rnum_lines) {

setcolor( &white );

for (j=old_rum_lines; j>=num_lines+1; j--) (
izj-1;
top_cuff_x = top_start_cuff_x + top_linel[il[x];
top_cuff_y = top_start_cuff_y + top linelillyl);
movabs( &top_cuff x, &top_cuff y );
inrel( &top_cuff_length_x, &top_cuff_length_y );
bottom cuff_x = bottom_strart_cuff_x - bottom_tine[i](x];
bottom_cuff_y = bottom_start_cuff_y - vottom_line[illy);
movabs( &bottom_cuff_x, &bottom_cuff_y );
tnrel (&bottom_cutt_fength_x,&bottom_cuff_length_y);

)

)

if (ran_Lines > cid rum_lines) (

setcolor( &blue );

for (j=old_num_lines+1; j<zrum_lines; j++) (
1=j-1;
top_cuff x = top start_cuff_ x + top_linelilixl;
top_cuff_y = top_start_cuff_y + top_line{illvi;
movabs( &top_cuff x, &tup cuff_y );
Inrel( &top_~uff_length_x, &top_cuff_length_y );
bottom cuff x = bottom_start_cuff_x - bottom line{i][x);
bortom_cuff_y = bottom_start_cuff_y - bottom line{illyl;
movabs( &bottom_cuff_x, tbottom cuff_y );
tnrel (Ebottom_cuff_length_x,tbottom cuff_length_y);

>

b)

old_num tines = mum_lines;

setinwidth( &normel_width );

/* Draw mercury in thermometers. */

/* Calculste mercury height for skin tesp. If hasn't changed,
get SO that won't drau new mercury., */

mercury_height = ((flnat) skir - (float) 30.0) / (float)0.20;
if (mercury height < . float) 0 0)

wercury height = (float) 0.0;

if (me~cury_height > nex_scrcury)

mercury height = max_mercury;

draw_skin = 1;
if ((int)mercury_height == cic_skin) draw_skin = 9;

/* 1€ new mercury is reeded for skin temp, drauvs the mercury.
Tf new mercury height is smaller than old height, first
draws white bar to erase o:7 mercury. Then, regardless,
drews the new me’cury. */

if (draw_skin <= 1) (

if ((int)mercury_height < old 3kin) (

setcolor?! &white );

skin_y! = skin_y2 + max_mercury + (float) 3.0;

bar( &skin_x1, fskin_yi, &skin_x2, &skin_y2 );

)

setcolor( &light_g-ay );
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skin_y1 = skin_y2 + mercury_height + (float) 3.0;
bar( &skin_x1, &skin_y1, &skin_x2, &skin_y2 );
b
old_skin = (int) mercury_height;

/* Calculate mercury height for core temp. |[f hasn!t cnanged,
set 80 that won't draw new mercury, */
mercury_height = ({float) core - (float) 30.0) / (float)0.20;
if (mercury_height < (float) 0.0)
mercury_height = (float) 0.0;
l if (mercury_height > mex_mercury)

mercury_height = max_mercury;

draw_core = 1;
if (Cint)mercury_height == old core) draw_core = 0;

/* 1f new mercury is aeeded for core temp, draws the mercury.
1¥ new mercury height is smaller than old height. first
draws white ber to erase cld mercury. Then regardiess,
draws the new mercury. */
if (draw_core == 1 || old_core == -99) (
if ((int)mercury_height < old_core) (
setcolor( Lwhite );
core_yl = core_y2 + max_mercury + (float) 5.0;
bar( &core_x1, &core_y1, kcore x2, &core _y2 );

)
setcolor( &light_gray );
core_yl s core_y2 + mercury_height + (float) 3.0;
ber( &core_x1, &core_yl, &core_x2, &core_y2 );
)
old_core = (int) mercury_height;

Y

e

/* Draw needles on cuff ancd venous pressure guages. */

/* 1f the cuff pressure has changed, erase old needle,
calculate new needle position, and draw new needle. */
. if (cuff t= old_cuff)(
/* Erase old needle by drawing blue circle, */
movabs( dcuff_center_x, kcuff_center_y );
setcolor( tbright_blue );
fcir( kgage_radius );
/* Draw pin for needle. */
setcolor( &black );
feir( &very small_radius );
/* Calculate end point of new needle. */
needle_angle = -140.0 * (double) cuff / 300.0 + 160.0;
angle_int = (int) needle_angle;
angle_radians = (double) angle_int * PI / 180.0;
cos_angle = (float) cos( engle_radiens );
. sin_angle = (float) s~rt( 1.0 - (double)(cos_angle*cos_angle) );
move_x = cos_angle * ngth_needle;
more_y = sin_angie * length_needle;
/* Draw new needie, */
| move_y *z aspect;
Inrel( &move x, kmove_y );
b
' old_cuff = cuff;

/* 1f the venous pressure has changed, erase old needle,
calculate new needle position, and draw new needle. */
if ( venous != old_venous ){
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/* Erase old needle by drawing blue circle. */
movabe( &venous_center_x, &venous_center y );
setcolor( Ebright_pink );
fcir( &goge_radius );
/* Draw pin for needle. */
setcolor( tblack );
fcir( &very_small_radius );
/* Caiculate end point of new needle. */
needle_angle = -140.0 * (double) venous / 300.0 + 160.0;
angle_int = (int) needle_sngle;
angle_radians = (double) angle_int * PI / 180.0;
cos_angle = (float) cos( angle_radians );
sin_angle = (float) sqrt( 1.0 - (double)(cos_engle*cos_angle) );
move_x = cos_sngle * {ength_needie;
move v = sin_angle * length_needle;
/* Draw new needle. */
move_y *= aspect;
Inrel( &move x, &move_y );
>
old_venous = venous;

/* Fill in loop outline. Maintain value of old color. If
new color is the same as old color, do not refill the
loop. */

/* Determine new color. */

if ( core < 20 ) color = navy;

else if ( core < 30 ) color = light_blue;

elge if ( core < 35 ) color = skin_pink;

else color = red;

/* 1f color has changed, refill loop. */

it (color I= old_loop_color) (
movabs( &cursor_x, &cursor_y );
flood(&color);

)

old _loop_color = color;

/* Draw pump hesd every time an icu graph is updated. */

if (update == GRAPHS_EVERY_X) {
current_angle -= (pps_constant * (double) pps * loop_time);
movabs( &center_x, &center y );
setcolor( &white );
feir( &pump_radius );
setcolor( &black );
fcir( &smali_radius );
current_angle = (double) ((int) current_sngle X 90);
angle = current_angle * P1 / 180.0;
setinwidth(odd_number_Line_width);

cos_angle = (flost) cos( angle );

sin_angle = (float) sqrt( 1.0 - (double)(cos_angle*cos_angle) );
move_x = cos_angle * length_line;
move y = sin_angle * length_Line;
/* Move cursor to end of arm in first quadrant, */
temporary = move_y * aspect;
movrel( &move x, &Ltemporary );
/* Oraw arms und roliers in first and third quadrant. */
fcir( &roller_radius );
twice x = (float)-2.0 * move_x;
twice_y = (float)-2.0 * move_y;
temporary = aspect * twice_y;
(nrel( &twice x, &temporary);
fcir( &roller_radius );
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wmovebs( &center_x, &center_y );

/* Move cursor to end of arm in second quadrant. */
temporary = (float)-1.0 * move_y;
move_y = mOve_X;
move X T temporary;
texporary = move_y * aspect;
movrel( &move x , ktemporary );
/* Draw arms and rollers in second and fourth quadrant. */
fcir( &roller_radius );
twice_x = (float,-2.0 * move_x;
twice_y = (float)-2.0 * move_y;
temporary = aspect * twice_ y;
Inrel( &twice x, &temporary);
fcir( &roller_radius );
b

setinwidth( &normel_width ):

/* Write in numbers that have changed. Ffor each number that
is written, first draw a bar to erase the old number,
then convert the integer value to a string and write the
string. */

write_cuff = write_venous = write_core = write_skin = 1;

if (cuff == old_cuff_dig) write_cuff = 0;

if (venous == old_venous_dig) write_venous = 0;

if (core == old_core_dig) write_core = 0;

if (skin == old_skin_dig) write_skin = 0;

old_cuff_dig = cuff;

old_venous_dig = venous;

old_core _dig = core;

old_skin_dig = skin;

setcolor( &white );
sethatchstyle(&hatch_index);
setstext(&height, Laspect, &path);
if (write_cuff) ¢
bar( &cuff x, &cuff_yp, &cuff_x3, &cuff_y3 );
setstclr(&blue, &blue);
movtcurabs(&cuff_x, &cuff_y);
itoa( cuff, string, 10 ):
fldsize = 3;
if (cuff < 10) fldsize = 2;
stpjust( ,ust_string, string, ' ', fldsize, JUST_RIGHT);
stext( just_string );
)
i (write_venous) {
bar( &venous_x, ‘wvenous_yp, kvenous_x3, &venous_y3 );
setstclr(kbright_pink, &bright_pink),
movtcurabs(venous_x, &venous_y);
itoa( venous, string, 10 );
fldsize = 3;
if (venous < 10) fldsize = 2;
stpjust( just_string, string, ' ', fldsize, JUST_RIGKT);
stext( just_string );
)
if (write_core) (
bar( kcore x, &core_yp, &core_x3, &core_y3 );
setstclr(&red, &red);
movtcurabs(&core_x, &core_y);
itoa( core, string, 10 );
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fldsize = 2;
if (core < 1G) fldsize = 1;
stpjust( tamp_string, string, ' ', fldsize, JUST_RIGHT);
stext( temp_siring );
?
1f (write_skin) ¢
bar( %skin_x, &skin_yp, &skin_x3, &skin_y3 );
setstcir(&red, &red);
move~urabs(&skin_x, &skin_y};
itoa( skin, string, 10 );
fldsize = g;
if (skin < 10) fldsize = 1;
stpjust( temp_string, string, ' ', fldsize, JUST_RIGHT);
stext( temp_string );
)
delteur();
>

void craw_arm_outiine()

(
float arm_start x
fioat arm_start_y

(float) 125.0;
(float) 300.0;
fiocat upper_bicep_x = (floa*) 310.G;
float upper_bicep y = (float) -40.0;
flost upper forearm x = (float) 310.0;
fiset upper_forearm_y = (float) =3.0;
floa: upper_palm x = (float) 70.0;
float upper palm y = (float) 30.0;

l float upper_thumbd x = (float) 80.0;
float upper_thumb_y = (float} 10.0;
float thumo_radius = (float) 9.0;

) float thumb anglel = (float) 270.0;
floa thumb sngleZ = (float) 90.0;
float over_thumb = (ficat) 0.0;
flost down_thumb = (float) -12.0;

' ‘loat who_cares, end_arc_x, end arc_y;
float lower_thumb x = {float) «40.0;
float lower_thumb y = (float) -20.0;

l float overlap x = (float) -25.0, cverlsp_y = (fiocat) -30.0;

float bottom_start_y, arm_width = (float) 200.0;
fioat lower_bicep x = (float) 320.0;

float lower_bicep_y = (flost) -30.0;

float lower_forearm x = (float) 310.0;

flost lower_torearm_y = (floet) 40.0;

floet lower_palm x = (float) 100.0;

float lower_paim y = (float) -20.0;

float tower_pinky x = (float) 100.0;

float lower_pinky_y = (float) 15.0;

float over_pinky = (float) 1.0, up_pinky = (float) 12.0;
float pinky_radius = (float) 6.0;

float p.-ky_angle! = (float) 270.0;

float pinky_angiel = (float) 90.0;

float upper_pinky x = (float) -90.0;

1.3at upper_pinky_y = (flost) 5.0;

float lower_ring_x = (float) 100.0;
float lower_ring_y = (float) 10.0;
float over_finger = (float) 1.0, up finger = (float) 13.0;
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float finger_radius = (float) 6.0;
float finger_anglet = (float) 270.0;
float finger_angle2 = (float) 90.0;
float upper_ring_x = (float) -90.0;
float upper_ring_y = (float) 5.0;

float lower_middle x = (float) 100.0;
float lower middle_y = (float) 10.0;
float upper middie_x = (float) -110.0;
float upper_middle_y = (float) 5.0;

float lower_point_x = (float) 100.0;
float lower_point_y = (float) 10.0;
float upper_point_x = (float) -110.0;
float upper_point_y = (float) 5.0;

movabs(&arm_start_x, &arm_start_y);

Inrel (dupper_bicep_x, &upper_bicep_y);
inrel (bupper_forearm_x, Supper_forearm_y);
tnrel (Rupper_paim_x, &upper_paim y);

inrel (tupper_thumb_x, &upper_thumb_y);

movrel (kover_thumb, &down_thumb);

arc(&thumb_ radlus &thumb _anglel, Lthumb_angle2);

ingarc( &end arc_x, &end_arc_y, &who_cares, &who_cares );
movabs ( &end arc_x, &end arc_y );

Inrel( &lower _thumb_x, &louer_thuvb_y );

Inrel( Zoverlap_x, toverlap y );

bottom_stari y = arm_start_y = arm L width;
novabs(&am start_x, &bottom start_y);
Lnrel (&lower blcep x, &lower | _bicep y);
(nrel (kiower_ foream x, &lower_forearm_ y);
lnrel(&lower_palm X, &louer_palm y);

tnrel(&lower_pinky x, &lower pinky y);

movrel (&over_pinky, &up pinky);

arc(&pinky_radius, &pinky_anglel, &pinky_angle2);

ingqarc( &who_cares, &who_cares, &end_arc_x, &end_arc_y );
movabs( &end_arc_» Send arc_y );

Lnrel( &npper_pmky_x &q:per_pmky_y ):

Inrel( &lower_ring_x, klower_ring_y );

movrel( kover_finger, tup finger );

src(kfinger_radius, &finger_anglel, Lfinger _angle2;;
ingarc( &who_cares, twho_cares, tend_arc_x, &end arc_ y );
movabs &end arc_x, tend . arc_y );

Inrel( kpper ring_x, &q:per ring_y );

tnrel( Llower_middle x, &iower_middle_y);

movrel( Eover_finger, Lup_finger );

src(&finger_radius, &finger_snglet, &finger _angle2);
inqarc( &who_cares, &who_cares, tend_arc_x, 8end_arc_y );
movabs( &end_arc_x, &end arc_y );

inrel( l.q:per _middle x, &qaper_mddle_y );

Lnrel( &lower_point_x, &lower_point_y);

movrel( over_finger, &up finger );

arc(&finger_radius, &finger_anglet, &finger_angie2);
ingarc( &who_cares, &who _cares, &end_arc_x, &end _arc_y j;
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movebs( Bend_arc_x, bend arc_y };
inrel( Eupper_pcint_x, &upper_point_y );

)

void draw_lLoop_outline()

(
float stert_loog_x = (float) 164.0;
float start_loop y = {float) 252.0;
float tep_outer_Length = (float) 600.G;
fisat top_outer_y = (flcat) 0.0;
float no_change = (float) 9.0, who_cares;
flaat outer_down center_y = (float) -70.0;
flor: outer_up_center y = (float) 70.0;
f.uet outer_radius = (fioet) 45.0;
float outer_angiel = {float) 270.0;
fioat outer_smgiez2 = (float) 90.0:
float end_arc_x, end_arc_y;
float bottom outer_length = (flost) -600.0;
floay bottom outer y = (flost) 0.0;

float inner_ioop over = (flocat) 6.0;

float loop width = (float) -25.0;

float top_inner_length = (float) 59G.0;
float top_inner_y = (float) 0.9;

float inner_down _center y = (float) -45.0;
float inner_up center_y = (float) 45.C;
float inner_radius = (fleoat) 30.0;

float bottos_inner_langth = (float) -590.0;
flost bottom_inner y = {fiost) 0.0;

float down_a_bit = (fioat) -55.0;

a movabs( Lstert_loop_x, &start_loop y );
Inrel( dtop_outer_lemgth, Xtop outer_y );
movrel{ &no_change, &outer_down_center_y );

' arc( &outer_radius, fouter_anglel, koute-_angle2 );
ingarcy &end_arc_x, &end arc_y, &who_cares, &who_cares );
movabs( &end_arc_x, iend arc_y };
lnreis thottom outer_length, thottom outer_y );

I movrel( &no_change, Louter_up center_y );
arc{ &outer_radius, douter_srgle2, Xouter_anglel );

movabe( Lstart_loop_x, &start_loop y );

movrel( &inrer_toop_over, &loop width );

tnrel( &top_irner_length, Ltop_inner_y );

movrei( &no_chsnge, dirnner_down_center_y );

arc( &inner_radius, Souter_sngiel, Zouter_engield );
ingarc{ &end_arc_x, iend arc_y, &who_cares, &who cares );
movabe( &end arc_x, &kend arc_y );

tnrel( Shottom_inner length, &bottom inner y Jj;

movrel( &no_change, &inmer_up canter_y );

arc{ &inner_radius, kouter_engiel, &outer_angiel );

)

vord update_header( char *hzader )
{

) int path = 9;
float height = {float) 40.0;
int batch_index > 1;
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flost x = (float) 0.0, v = (float) 950.0;
int count = 0;
flcat x1 = (float) 0.0, yl = (float) 1000.0;

float x2 = (float) 1000.0, y2 = (float) 955.0;

setcolor(tbright_blue);
bar(&x1, &yl, &x2, &y2);

while ( header{count] != '\0' ) ++count;

x = (float)475.0 - (float) 0.5 * (float)count * (float)20.0;
sethatchstyle(&hatch_index);
setstclr(white, Rwhite);

setstext(&height, &aspect, &path);
movtcurabs(&x, &);

stext(

header );

deltcur();

new_header =z 0;

void help_system({void)

¢

int curs_pos = 7;

float xi = (float) 0.0, yi

= (float) 0.0;

float x2 = (float) 1000.0, y2 = (float) 1000.0;
flost inxt = (float) 20.0, inyt = (float) 78.0;
float inx2 = (fleat) 980.0, iny2 = (float) 970.0;

float title_height = (float) 120.0;

float title x = (float) 60.0, title_y = (float) 800.0;
atatic char titie_mssg(l = { " Help System " );

float func_mssg height = (float) 40.C;

float funckeys_x = (float) 55.0, funckeys_y = (float) 720.0;

static char funckeys mesgll = { "Press function keys for option descriptiors." };
flost esc_x = (float) 190.0, esc_y = (float) 650.0;

static char esc_mssg{) = { "Press ESC to exit help system.* );

box_x1 = (float) 100.0, box_y! = (float) 125.0;

box_x2 = (float) 900.0, box_y2 = (float) 600.0;

float
float
float
flost
float
float
float
float
float
float

message_height = (float) 35.0;

message x = (float) 160.0, message y1 = (float) 530.0;

wmessage y2 =
message y3 =
message_yb =
megsage y5 =
mesgage_yé =
message_y7 =

float messege y8 =

float
flost

static
static
static

static
static
static
static

static
static
static

message_y9 =

mesgage_yiD = (float) 125.0;

(float) 485.0;
(float) 440.0
(float) 395.0
(float) 350.0
(flost) 305.0
(float) 260.0
(float) 215.0
(float) 170.0;

.
’
.
v
.
’
.
'
.
L
.
’

char freeze_mssgil) = ( “Toggles between freezing and unfreezing” );
char freeze_mssg2(} = { "the icu graphs. Control of blood" };
char freeze mesg3({] = { “pressure is not affected." );

char range_mssgi (]
char range_mssg2 (]
char range_mssg3 ()
char range_mssg [}

~ AN SN

wControls the y-axis of the arterial® );
Wgraph.
%0 - 300 mmHg and a range of just" );

“"below diastolic to just above systolic.” };

Toggles between s range of" );

char decrease_mssgi[] = ( "Decreases the speed that data points" };
char decrease mssg2[) = { "mcve across the graph. As the dats® );
char decrease_mssg3{] = { "poirts move more siowly, more of thet );
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static char decrease mssg4[] = { “signal can be seen at one time." );

static char
static char
static char
static char
static char
static char

static char
static char
static char
static char
static char
static char
static char
static char
static char

static char
static char
static char
static char
static char
static char

static char

static char
static char

increase_mssgi()
increase_mssg2 [}
incresse_mssg® ()
increase_mssgé []
increase_masgS[]
increase_mesgé(]

settings_mesgl ()
settings_mssg20)
settings_mssg3 ()
settings_mesgs (]
settings_mesg5 [}
settings_mssgb[]
settings_mesg? '}
settings_mesg8(]
settings_mesg9 (]

display_mesg1()
display_mssg2!)
display_mssg3 ()
display_mssgé [}
display_mssg5()
display_mssgé[]

help mesgll = (

"Increases the speed that dats points" );
“move across the graph. As the data"
“points move more quickly, less of the® );
“gignal is visibie at one time. The" );
“signal becomes spread out across the" );
“screen." };

la Rl W a W Wl

“Ina:  res current settings of the header," );
“heart rate, systolic, and diastolic * );
“values. Gives the option to restart the" );
“similation with new values. Whiie the* );
“eurrent settings are displayed, thet };
“simulation screen disappesrs from the® );
“screen. However, computer-control of¥ );
“the arterial pressure and measurement® );
“of data continue.® };

lalalaNallalle W Te Wal

{ “Toggles between signals displayed on* );
{ “the upper icu graph.® );

ECG -+ green M ).

Cuff Pressure -- blue" ):

Venous Pressure -- pink® };

Moto~ Speed =+ orange" );

(Il
(ll
(H
(H

“Explanation of eight function keys." );

quit_mesgl() = { “Stops the simulation and exits the" );
quit_mesg2{l = ( “program." );

int pe.h = 0;

int ch;

delbox();

setscreen(&page2);
setcolor( &blue );
ber(&x1, &y1, &x2, ky2);
setcolor( Lwhite );

bar(&inx!, &inyl, &inx2,

&iny2);

setstext( &title_height, Baspect, &path );
setstclr( &blue, thlue ;;
movtcurabs( &title x, &title_ y );
stext( title _mssg ):
setstext( &func_mesg_height, Laspect, &path );
movtcurabs( &funckays_x, &funckeys y );
stext( funckeys_msag );
movtcurabe( &esc_x, Lesc y );
stext( esc_mssg );
set_up_options_bar();
update_options(curs_pos);
setcolor{ &blue );

bar( &box_x1, &box_y1, &box_x2, &box_y2 );
setstcir( Ewhite, Lwhite );
display( &peage2 );

while ( tkbhit() );

ch = getch();
if (ch == 10') ch = getch();
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if (ch == 27) (

if (¢ == 13);

elge

setcolor( Zblue

2

4 ¢
cane 1:
i cs3e 2:
case 3:
case &;

switeh(curs_tos)

GMS ENGINEERING CORPORATION

setscreen( &pagel ;;
display( &pagel );

if (ch >= 59 8& ch <= 66) curs_pos = ch - 58;
if (ch >3 49 && ch <= 56) curs_pos = ch - 48;

tf (ch == 72 || ch == T5) curs_pos--;

ch == 80) curs_pos++;

detbox();
return;

)

eise

elge

else

else

if (ch == 77 }}

else

else got( keypress;
if (curs_pos »= 9) curs_pos = 1;
if (curs_pcs <= 0) curs pos = 8;

update_options(curs_pos);

Y.
Iy

bar( &hox_x1, &box_yl. &box_x2, box_y2 );
setstext( Lmessage height, laspect, ‘path );:
movicurabe( &message x, message yi );

stext{ freeze_mssgl };

®o ctcurabe( Lmessace_x, Wmesssge y2 );
stext{ frzeze mssg? );

rovtcursbe( Lmessage x, Lmessage y3 );
atext( freeze mssg3 );

break;

stext{ range_mssgt );

movicurabs( &mcssage x, &message y2 );
stexti range_masg? );

m3vrcurabs( message_x, &message y3 );
stext( range_mssgl );

movtcurabs( kmsssage_x, &messaye yé4 );
stext{ range mesgé )

break;

stext( decreasc_mssgl );

movicurebs( Wmessage x, &message y2 );
stext{ decrease mssg2 3

movteursbs( &mssegs x  amessage v3 4;
stext{ docrezse_mesgl );

movtcurabs( Lmessage_x, &nescage yé );
stext! decreese_mssg- );

break;

stext( increase_mssg! );
novtcurats( &resssge x
stent{ ‘nereace_msse? ,;
MVECUr L6 31essago_x, Emessage 3 );
stext( incresse_ms:gld )

amessade_y2 );
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-,

{

case 5:
cuge 6:
cage 7:
cese 8:
)
delteur();

goso keypress;

movtcurabs( &message_x, &message yé4 );
stext( increase_mssgé );

movtcurabs( message x, &messuge /5 );
stext( increase_mssgs );

movtcurabs( &message x, kmessage ¥6 );
stext( increase_mssgd );

break;

stext( settings_mssgl );

mcvtcurabs( &message x, &message 2 );
gLext( settngs_mssge );

movtcurabs( Lmessage x, &message_y3 );
stext( settings_mssyl );

movtcurabe( &messeag> x, amessage_yé4 );
stext{ settings_mssgl };

sovtcurabs{ &message x, Lmescage y5 );
stext( settings_mesgs );

rovtcurabs( tmessa3z_x, &nessage v5 );
stext( settinge _mssys );

movtcursbe( Lmessace x, Smessage y7 );
stext( settings_mssg? );

movtcurade( kmessage x, &message y§ );
stext( settings mesg8 );

movtcurabs( Lmcssage x, &message y9 );
stext( settings meeg? );

break;

stext( display_mssgt };
movtcurabe! Lmessage x, Lmessage y2 );
stext( dispiasy_mssg2 );
setstclr( bright_greer, &bright_green
movtcursbe( dmessage_x, Lmecsage y4 );
staxt( display_mesg3 );
setstclr( dbright_biue, &bright_blue );
movtcurabs( Amessage x, &message y5 );
stext( display_mesps );
setstcir( dbright _pink, Lbright_pink );
movtcurabs({ lmessage x, imessage y6 );
stext( display_mssg5 );

b H

setstclr( kbright_orange, Roright_orange

movicurabs{ Lmessage x, lmessage y7 );
stext( aisplay_mssgéd );

setstelr( Eshite, Cwhite );

break;

stext( " (p_mesg );
break;

stext( Suit_mssg?! 3;

movicurabe( imessage x, bmessage y2 );
stext( quit_mesge );

break;

void update_optiors(curs_pos)

float yi = (float) 1.0, y2 = (float) 47.0;
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static float x1[9) = { (float) 1.0, (float) £3.0,

(float) 224.0,

(float) 359.0, (float) 488.0, (float) 601.0,
(float) 774.0, (float) 840.0 , (float) 997.0 3/

int curs_pos_plus;

setcolor( &bright_blue );

curs_pos_plus = curs_pos;
curs_pos--;

rbox(&x1{curs_pos}, &y1, &x1[curs_pos_p'us]l, &y2);

void gms_logo()

(

float out_x1

float n_xi = (float) 20.0, in_yt = (float) 975.0;
float in_x2 = (float) 975.0, in_y2 = (fioat) 25.0;
int path = 0; .

float text_height = (float) 40.0, copy_height = (float) 25.0;
floav 2ng_height = (float) 70.0, gms_height = (float) 300.0;
float gms x = (float) 200.0, gms_y = (float) 600.0;

static char gms{] = ( “GMSY );

float eng_x = (float) 300.0, eng_y = (float) 575.0;

static char eng{] = { “ENGINEERING" };

float corp x = (float) 300.0, corp_y = (float) 500.0;

stet "¢ char zorp() = { “CORPORATION® )},

t. ¢ sddress_x = (float) 360.0, address_y = (float) 400.0;

8tu..c char address() = ( “Columbia, ®* );

flcat phone_x = (flost) 350.0, phone_y = (float) 350.0;

static char phonel] = { “(301) 995-0508" );

float copy_x = (float) 450.0, copy_y = (float) 30.0;

static char copy() =

{"Copyright (c) GMS *ngineering Corp

int hotch_index = 1;

setcolor(kgms_blue);

bar(tout_x1, kout_yl, &out_x2, &out_y2);
setcolor(&light_blue);

ber(kin_x1, &in_yl, &in x2, &in_y2);
sethatchstyle(&hatch_index;;
setstclir(kgms_blue, igms blue);
setstext(&gme_height, Lasp.-~t, Lpeth);
. avtcursbs(kgms_x, &ogms_y);

stext( gms ),

satstext(keng_height, kespect, &path);
muvtcurasbs(leng x, keng_y);

stext( eng ):

movteur eps(kcorp_x, &keorp_y):

stext( corp );

setstext(&text_height, Laspect, Lpath);
movtcursbs(daddress x, &address_y);
stext( adiress );

movtcu-abe (kphone_x, &phone_y);

sta't( phone );

setstext(bcopy_height, laspect, kpath)-
movtcurabs (kcopy_x, &copy y);

stext( copy };

deltcur();
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void draw_graph_isbels(int g1_graph, int bp_min, int bp_max)

{

float g1_range, bp range, g2_range;
float y_level, top y level;

float ecg_range;

int ecg_incrmnt = 5;

int 2cg_max = 10, ecg_min = -10;
float pps_range;

int ppe_incrmnt = 2000;

int pps_max = 6000, pps_min = 0;
float press_range;

int press_incrmnt = 100;

int press_max = 300, press_min = 0;
float hatch_length = (float) 3.0;
float no_change = (float) 0.0;
float g x1 = (float) 112.0;

int g1_v1 = 669;

float g x2 = (float) 651.9;

int g1_y2 = 938;

float g x3 = (float) 695.0;

int g2 y! = 362, 92_y2 = 631;

int error = 0;

static char label[3];

int path = 0;

float height = (float) 20.0;

int hatch_index = 1, i;

static int old_graph = -1;

static int old bp min = -39, old bp_max = -99;

float lbl_x1 = (float) 700.0;

float lbl_y! = (float) 655.0;

float lbl_x2 = (float) 765.0;

float (bl_y2 = (float) 690.0;

static char press_Lbl{] = { “mmiig" );
static char pps_Lbl{) = ( “rpw* );
static cha~ ecg_LbL{] = { "mv» ).

if (drw_grph_restart) {
ola_graph = =1;
old_bp min = -99;
old_bp max = -99;
drw_grph_restart > 0;
b

setstclr( &light_blue. &light_bli );
sethatchstyle(thatch_index);
setstext(&height, Laspect, lnath_,

if (g1_graph '= old_grapn){
g1_range = (float) (g1_y2 = gl_yh);
eetcclor( &blue );
y_level = (float) (g1 _y1 = 15);
top_y_level = (float) (gi_y2 + 1C);
bar(dg_x2, Ly_level, &g x3, &tup v _level);
ber(&lbl_x1, &ibl_y1, &lbl_x¢, &ibl_yz);

if (g1_graph == §) (

ecg_rarge = «float) (ocg max - ecg_min);
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b
}

3
elae if

2ise if

i = ecg_min;
for ( y_tevel = (float) (g1 y! - 15);
y_tevel <= (float) g1 vZ;

Contract No. DAML:17-88-C-8018

y_level += (float)ecg incrant * gi_range / ecg_range ) (

itoa(i, lsbel, t0):
movtcurabs(&g_»2, &y _leve!);
stext( label );
i += ecg_incrmnt;
)
movicursbe (&bl _x1, tbl_yt);
setstelr( &bright_green, &bright_green);
stext{ ecg ibl );
setstclri &tight_blue, &light_blue );
deltcur?);

(g1 _graph == 2 |} g1 graph == 3} {

press_range = (float) (press_mex - press min);

i = press_min;
for ( y_level = (float) (g1 yi = 13);
y. level <= (float) g1_y2;

v level += (floatipress_incomnt*gl_range/press_range ){

itos{i, label, 10);
@ovtcuraks{&g _x2, iy 1evel);
stext( lobel );
i +% press_incrant;

h)

rovtcurabs(kibi_x1, &lol_y1);

if { g1 groph = 2 ) setsteir! Sbright_blue,
if ( g1 _graph == 3 ) setstcir( $khright piny,

stext( press_Lb! );
setstel( &lighy_bilue, &light e 3;
delteur();

(g1 _grach =x 4) {

[s_range = (float) (pps_max - pps_.a:n);

i = pps min;

for ( y_tevel = (flor:) (g1 y1 = 15);
y_level <= (floac) gi_v2;

&bright_tiuel;
garight ;ink);

y_level ¢z (flout)pps_incrant * gi_renie / pes_range )(

itos(i, lael, 10);
mo/curabe(lg A2, Ly level);
stext( tabel );
i ox pog_incrane;
s
movtcursbe(dita_x1, &ibl_y);
setrtelr( &b- ight_oronge, &bright_crange );
stext( opé_ibl ;;
teteicir( 2iight_olue, &iight biue );
deltcur();

eise arrcr = 1;

cid graph = g1_graph;

it (bp min '= old_bp_ain || ty_mer i= old_bu_max)

{

setcolor{ &blue );

y. level = {float® (g2_vi - 5);
top y ‘evel = (float) (g2 _y2 + 20);
bar(dg_x2, & _tevel, 8g x3, dtop y_level);
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if (bp_min z= () (

g2_range = (float) (§2_yl - 92_yi);
bp_ranga = (ficat) (bp_max - bp min);
i=0;
for ( y_leve = :* tat) (g2_ytl - 5);
y_ 7.zt <= 7 loat) ge_ye;
y_le.~ »7 (float)10Q * g2_range / bp_range ){
itoa{i, label, 10);
movtcurabs(kg_x2. Iy level);
stext( lsdel );

i +z 100;
b
)
etse {
itoa(op_min. label, 10);
movtcurabs (kg xc, &y level);
stext( lsbel );
y_level = top_y level - (float) 25.0;
itos(bp_max, label, 1C);
movtcurabs(ig_x2, &y_level);
stext( latal );
)
deltcur();
b
old _bp_min = bp: min;
old_bp_max = bp_mex;

b

void oorzin_ve_settings()

irt ch;

n* old_hr_zet, old sys_set;
int 1, digits, max_digits;
irt k2y. num_scrolled;

int poth = 0, hatch_index = 1;
float height = (float) 40.0;
fleat hr_x = {float) 360.0;
float sys_x = (float) 535.0;
fioat dias_x = (float) 640.0;
fizat men_Lbl_y = (float) 340.0;
cher digit(V),;

float tcurs_x_pos(3};

float x_pos;

int hr_mir = 30, hr_max = 150;

int sys_min = 30, sys_max = 230;
int dias_m'n = 16, dias_sax = 210;

float
float
float
float
float
float
float
float
float
float
float
float
float

h_x1 = (float) 185.0, h_x2 = (float) 725.0;
h_yt = (float) 558.0, h_y2 = (f.oat) 600.0;
m_x1 = (float) 125.0, m_x2 = (float) 290.0;
m_y! = (float) 340.0, m_y2 = (float) 390.0;
mi_x1 = (float) 355.0, m1_x2 = (float) 425.0;
al_yt = (flost) 335.0, mi_y2 = (float) 390.0;
m2_x1 = (f'oet) 530.0, m2_x2 = (float) 605.0;
m2_yl = (float) 335.0, m2_y2 = (flost) 390.0;
m3_x1 = (flost) 635.0, m3_x2 = (float) 715.0;
a3_y! = (float) 335.0, m3_y2 = (float) 390.0;
at_x = (flost) 205.0, #1_x2 = (float) 740.0;
21_y' = ({loat) 285.0, al_y2 = (float) 335.0;
a2_y! = (fioat) 230.0, a2_y2 = (float) 280.0;
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float a3_y1 = (float) 175.0, a3_y2
float a4_yl = (float) 120.0, a4 _y2
float a5_y1 = (float) 65.0, &5_y2

(float) 225.0;
(float) 170.0;
(float) 115.0;

static int auto_hr{4) = (60,80,72,40);
static int auto_sys{4) = (120,90,160,150);
static int auto_dias{4] = (80,50,90,70);

char string!3);

old_hr_set = hr_set;
old_sys_set = sys_set;

header: setcolor( Lyellow );
rbox(&h_x1, &h_yt, &h_x2, 2h_y2);
scpage(pagel);
scapage(pagel);
sccurset(10,16);

kbaquery(header, sizeof(header) , kkey, &num_scrolled);

stpcvt(header, TOUP);

setstcir(dwhite, Luhite);
sethatchstyle(&hatch_index);
setstext(fheight, Laspect, Lpath);
manual: rbox(im x1, &m yl, &m_x2, im_y2);

dhile ( tkbhit() );
ch = getch();
if (ch == 27) {

ex't_flag = 11;

goto end_rout;

if (ch == 0) ch = getch();

if (ch == 49 || ch == 59) goto auto_1;
if (ch == 50 || ch == 6C) goto auto_2;
if (ch == 51 || ch == 61) goto suto_3;
if (ch 2= 52 || ch == 62) goto ate_w,

Contract No. DAMD17-88-C-8018

if (ch == 72 || ch ax 75 || ch == 53 || ch == 63) goto a'to_5;

if (ch == 'h'|! ch == I4') goto header;
if (ch 3= 13 || ch == 'm' || ch == ') (
/* Got hr. */
hr: for (i=0; i<=2; i++)(
stringli] = ¢ 1,

>
rbox(&mi_x1, &ml_yl, &ml_x2, tm1_y2);
/* Get first digit. =/
digits = 0;

while ((ch < 49 }| ch > 57) && ch 1= 27) ch = getch();

if (ch == 27) goto menual;
movtcurabe(&hr_x, &men lbl_y);
itoa(ch-48, digit, 10);
stext( digit );

deltcur();

string(digits) = digit(0];

ch = 1;

digitses;

max_digits = 3;

/* Get remaining digits and convert to integer form. */

teurs_x_pos (0] = hr_x;

digits = read_value(string, digits, Max_digits, tcurs_x_pos);

if (aigits == 99) (
setcolor( tblue );
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sys:

deibox();
bar(iml_x1, dal_yt, &ml_x2, &ml_y2);
setccior( dyellow );
gote ~anual;
)
hr_set = atoi(string);

if ( hr_set < hr_min || hr_set > nr_max) (
utsound(600,9);
setstelir(kblue, &blue);

for ( digits = 0; digits <= max_digits;

x_pos = tcurs_x_pos(digits];

movtcurabs(&x_pos, &men_Lbl_y);

digit[0) = stringinigits);
stext( digit );
stringldigits] = ' *;

)

deltcur();

setstelr(iwhite, Ewhite);

goto hr;

)

/* Get sys. */

for (i=0; i<z2; ie+)(
string(i) = 1;
>
rbox(dm2_x1, &m2_y1, Wm2_x2, &m2_y2);
/* Get first digit. ¢/
digits = 0;

Contract No. DAMD17-88-C-8018

digits++){

while ((ch < 49 || ch > 57) & ch i= 27) ch = getch();

if (ch »= 27) (
hr_set = old_hr_set;
goto manusl;
)
movtcursbs(isyr v, &men_lbl_y);
itoa(ch-48, digit, 10);
stext( digit );
deltcur();
stringldigits] = digit(01;
ch = 1;
digits++;
wax_digits = 3;

/* Get remaining digits and convert to integer form. */

teurs_x_pos[J] = sys_x;

digits = read_value(string, digits, mex_digits, tcurs_x_pos);

if (digits == 99) ¢
setcolor( &blue );
delbox();
ber(im1_x1, tmi_y1, &m1_x2, &mi_y2);
ber(dm2_x1, &m2_yt, &m2 x2, &m2_y2);
gsetcolor( &yellow );
hr_set = old_hr_set;
goto menual;

)

sys_set = atoi(string);

if ( sys_set < sys min || sys_set » sys_max ) (

utsound(600, 9);
setstclr(&blue, &blue);

/* Escaspe has been pushed. */

for ( digits = 0; digits <= mex_digits; digits++)(

Xx_pos = tcurs_x_posldigits];
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dias.

movtcurabs(&x_pos, &man_ibl_y);

digit{0) = string(digits];
stext( digit );
stringldigits} = ¢ ¢;

>

deltcur();

setstclr(white, &miite);

goto sys;

)

/* Gex dias, %/

for (i=0; i<=2; i++)(
stringlil = ' 'y
)
rbox(&m3_x1, &m3_yl, &m3_x2, &m3_y2);
/* Get first digit. %/
digits = 0;
while ((ch < 49 |] ch > 57) && ch i= 27) ¢h
it (ch == 27) (
hr_set = old_hr_set;
sys_set = old sys_set;
goto manusl;
M
movtzurabs(ddias_x, &en_lbl_y);
itnaicn-48, digit, 10);
stext{ digit );
delteur();
stringldigits) « digit[0);
ch = 1;
digita++;
mex_digits = 3;

/* Get remaining digits and convert to int.ger form. %/

teurs_x_posil] = dias_x;

Contract No. DAMD:7-88-C-8018

digits = road value(string, dig:ts, rux_digits, tcurs_x_pos},

if (digits == 99) (
setcolor( &biue 3;
delbox();
ber(tmi_x1, a1 y1, &n)_x2, Wt y2);
bar(im2_x1, ta2_yi, &m2_x2, &m2_y2);
ber(m3 _x1, &3 _yi, &m3 «2. &m3_yl);
setcclor( 3yeliow );
nt_set = old_hr_set;
sys_set = old_sys_set;
goto menual;

b

dias_set = atoils.ring);

if ( diss_set < dias_min |} dias_set >= sys_set) ¢

utxound(6G0, 9):
cetstclr(&blue, &blue);

for ( digits = G; digits <= max_digits; digits++)(

x_pos = tcurs_x_pos(digits);

movtcurabe(&x_pos, &man_Lbl_y);

uigit(0} = stringldigitsl;
stext( digit );
string[ligits] = * ¢;

b

ageltecur();

setstcir(lwhite, Ruhite);

goto dias;
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)

else if (ch == 'a' || eh == A" || ch == 77 || ch == 80) (

auto_1: rbox(&el_x1, &al_yt, &al_x2, &al_y2);
while ( Ikbhit() );

suto_2:

auto_3:

auto_é:

ch
if

)

if
if
if
if
if
if
if

if

= getch();
(ch == 27) ¢
exit_flag = 11;
goto end_rout;
(ch == 0) ch = getch();
(ch == 49 |] ch == 59) goto suto_i;
(ch == 5% || ch == §1) goto auto_3;
(ch == 52 || ch == 62) goto auto_&;
(ch == 53 || ch == 63) goto auto_5;
(ch == 'h* || ch == '}') goto header;
(ch == 72 || ch == 75 || ch == 'm
|] ch == 'M') goto menual;
teh == 130 || ch == 'A' || ch == 77

|| ch == 80 || ch == 50 || cp = 60) ¢

rhox(aal_x1, &32_y1, dal_x2, kal_y2);
while ¢ ikbmit() );
ch = getch()y;

1t (ch

b
i
i
i
i
i
i
i
i

f
f
f
f
f
f
f
f

rbox(ke1_x1, £a3 y1, &s1_x2, &a3_y2);

(ch
(ch
(ch
(ch
(ch
(ch
(ch
(ch

=z 27) ¢
exit_fleg = 11;
goto end_rout;

=x 0) ch = getch();

Contract No. DAMD17-88-C-8(18

== 72 || ch == 75 || ch == 49 {]| ch ~= 59) goto suto_1;

=z 50 || ch == 60, goto auto_2;

=z 52 || ch == 62) gnto auto_4,

== 53 || ch == 63) goto auto 5;

== '‘m' || ch == 'N'; goto manusi;

== 'h' || ch == '§') goto header;

== ‘a' || ch == 'A' || ch == 77 || ¢~ == 80

[ ch == 51 || ch == 61) (

while ( tkbhit() );
~h = getcli();
if (ch == 27) {

)

if
if
if
if
if
if
if
if

(ch
(ch
(ch
(ch
(ch
(ch
(ch
(ch

axit_flag = 11;
goto end_rout;

=2z 0) ch = getch();

== 49 || ch == 59) goto auto_1;
=x 51 || ch == 61) goto suto_3;
=x 53 || ch == 63) goto auto_5;
== 'm' || ch == 'N') goto manual;
=z th' || ch == 'H') goto header;

ax T2 || ch == 75 || ch == 50 || ch == 60) goto auto_2;

=z 'a! || ch == *A* || ch == 77
{| ch == 80 || ch == 52 || ch == 62) (
rbox(&al_x1, &aé_y?, kal _x2, &a4_y2);

while ( tkbhit() );
ch = getch();
if (ch == 27) (

>

exit_flag = 11;
goto end_rout;

if (ch == 0) ch = getch();

if (ch == 49 || ch == 59) goto auto_1;
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if
if
if
if
i¢

if

)

if
if
if
if
if
if
if
if

(ch
(ch
(ch
(ch
(ch
(ch
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50 [} ch == &0) goto auto_2;

52 || ch == 62) goto auto_4;

'm' || ch 2= 'M') goto manual;

"h' |} ch == 'H!) goto header;

72 || ch == 73 || ch == 51 || ch == 61) gote au'o_3;
‘a' || ch == 'A' || ¢h = 77

f| ch == 80 |} ch == 53 || ch == 63) ¢
sute_S: rbox(&al_xi, &a5_y1, &al_x2, &a5_y2);
while ( tkbhit() );
ch = getch();
if (ch == 27) (
exit_flag = 11;
goto end_rout;

(ch
(ch
(ch
(ch
(ch
(ch
(ch
(ch

else {
calflag = 11;

)
)

else (
hr_set = suto_hr(3;;
sys_set = auto_sys(3];
dies_set = sutc_dias(3);

)

3
eise

¢

0) ch = getch();

50 |] ch == 60) goto suto_2;

51 |} ch == 61) goto auto_3;

53 || ch == &3) goto auto_5;

'h! || ch == 'H') goto header;

T2 || ch == 75 || ch == 52 || ch = 62) goto auto_é;
‘a' || ch == 'AY || ch == 49 || ch == 59) goto auto 1;
77 || ch == 80 {| ch == 'm' || ch == 'N') goto manus.;

hr_set = auto_hr([2];
sys_set = auto_sys(2];
dias_set = suto_dias(2];

b
)

else ¢
hr_set = auto_hr([1];
sys_set = auto_sys{i];
dias_set = auto_dias[1];

)
)
else ¢

hr_set = auto_hr{0);
8ys_set = auto_sys(01;

dias_set
3
}
else goto menual;
end_rout:
delbox();
)

auto_dias[0];

int read_value(char *string, int digits, int mex_digits, float *teurs_x_pcs)

{
int zh = 0;
crar digitit}:

“in8t Tcurs y pos = {floet) 340.0;

flost x_pos;
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int 1ndex;

/* Until Enter (13) is

pressed, wait for keypresses. While

there are less than mex_digits, accept new digits (48-57) and
increment size of gtring. When backspace (8) is pressed,
decrement number of digits. */

while (ch 1= 13
while

& ch 1= 27 (
(ch < 48 || ch >57) &% ch 1= 13 && ch t= 8
& ch = 27) ch = getch();

if (ch 3= 8) (

eise
if ( ch

>

if { ch

if ¢ cn
)

return (digits);
N

/ﬁ

" disable_

’a ]
i

/* This routine disables

digits--;

X_pns = tcurs_x_'os{digits]:
movicurabs(kx_pss, &tcurs_y pos);
setstelr(dblue, &blue);

digit{0] = rcrineldigits];

stext( digit );

delteur();

string{digits] = ' !;
movtcurabe{&x_pos, &tcurs_y pos);
setsteir(8whice, &white);

>= 48 & ch <= 57) (
1f (digita == max_digits) utsound(low pitch, short_duration);
elge (
ingteur(®x_pos, &tcurs_y_pos, &index);
tcurs_x_posidigits] = x_pos;
itoa(ch-48, digit, i0);
stext( digit );
dettcur();
stringfdigits) = digit{0);
digitse+;
>

=z 27 ) digits = 99;
tz 13 &k ch i= 27) ch = 1;

ints( stacte ) */

the interrt capability on the DAS-8 board by */

}'* writing a 0 to the bit of the control register w~ich is connectad ta %/
/* the output enable line of the tri-state buffer which buf ers the out- */
/* put of the interrupt flip-flop. The rest of the contro! word is teft */

/* unchanged.

The function returns the new control reg conterts. */

int disable_ints( state )

int stete;
{

state = state & ~ENABLE_INTS ;

*/

outp( DASS8_CONTROL, state );

*/
return( state );
*/

/* change only the int. enable bit

/* write to DAS-8 control register

/* return the revived control werad
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>
/* This routine ig the inverse of the above . */
VA This routine alsc cleasrs the interrupt ff on the DAS-8 board. */
int enable_ints( state ;
int state;
{
state = state | ENABLE_INTS ; /* change only the int. enable bit
tl/
outp( DAS8_CONTRCL, state ); /* write to DAS-8 control register
*/
return{ state );: /* return the revised cortrol word
*/
)
int set_imr{ int_chen, on_off ) /* programs the 8259 mask rrgister
‘Il
int int_chan; /* the interrupt Lit to set
*/
int on_cff; /* the vatue { 1 or 0 ) to ser the mask to
LY
{

int magk_i, mesk_o;
int is0;

mask_i = inp( PIC + { );

if{ on_off == ON )(

mask_o = magsk_i & ~( Ox01 << int_chan );)

else
mask_ o = mask_i | ( Ox0%1 << int_chan );

outp( PIC + 1, mesk_o );

while( (mask_i = inp( PIC + 1 ) 1= mask_o )) /* 1f mesk change didn't

take*/
{
oute{ PIC, Ox20 ); /* put out geners! EO!l instruction .
outp( PIC + 1, mask_c); /* re-write mask */
if( ++i > 10)
{
printf(*failed writing mesk\n");
return( 1 );
b
)
return(0); /* success */
>
r* */
* int set_timer( cntr, mode, f_in, f_or_n) */
/Q */
/* This routine initislizes the specified counter in an 8254 to the*/
/* specified mode and wa.cform period or number of events. */
/* BCD mode NOT supported. */

/* The function returns the 16-bit count written to the 8254 if *he*/
/* requested action was reasonable or possible. A -1 return valie */
/* implies errant request.

*/
int set_timer( cntr, mod:, 1_.s, f_or n)
int cntr; /*  the selected counter */
int mode; /* the selected mode */

Contract No. DAMD17-88-C-8018
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double f_in; /* the input frequency */
double f_or_n; /*  output frequeixcy or number of
events */

{

int command;

int count;

long int big_one;

' 1f((entr »= 0)&&(cntr < 3)Lk(mode >= 0)&&(mode < 6)&&(f_or_n > 0.0))
{

l command = cnti << §; /* shift counter # to bits 7 and 6 */
command = commend | 0x30; /* 2lusys write a two-byte count */
command = commend | ( mode << 1 ); /* put mode in bits 3-1 */
outp( CNT_CTRL , commend ); /* write the control word out

*/

I switch ( mode )

- {

case 0: count = (int) f_or_n ~ 1; /* terminal count */
if( count < 0 ) /v if count too lo*/

! return( -1 );
outp( CNT_0 + cntr, count ); /* Lo byte */
outp{ CNT_D + cntr, count >> 8 ); /* hi byte */
break;

case 1: printf(™ Sorryl Mode 1 of the 8254 not currently supported.\n");
break;
cage 2:
case 3: big_one = (long)( (f_in/f_or_n ) + .5);
1f( big_one > OXFFFF ) /* if count is too big */
return( -1 ); /* return error code */
count = (int) big_one; /* coerce big_one to int*/
if( count < 2) /* if count is too small */
return(-1); /% return error code */

! nutp( CNT_0 + cntr, Ox00FF & count ); /* 1o byte */
outp( CNT_O + cntr, Ox00FF & (count >> 8)); /* hi byte */
break;

I case 4: printf("* Sorryi Mode & of the 8254 not currently supported.\n");
break;

case 5: printf(* Sorry! Mode 5 of the 8254 not currently supported.\n*);
break;
defaulz: return( -1 ); /* unknown mode */
b
| )

eise /* error | %/

return( -1 ); /* errant request v/
return( 0 ); .

Ad */
/* int read_status( cntr ) */
/* */

/* This routine reads the status from the designated counter in the */

/* DAS-8's 8254. The return value is equal to status if the counter */

/*  rmber is valid (i.e. 0 <= n <= 2), or -1 if invalid. */

int read_status( cntr }
int entr;
{

int command;

if( ¢ entr > 0 )e&( cntr <3 ) ) /* entr is valid...
*y
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-~

command = { 0x02 << cntr ) | OxED; /* tatch status only */

outp( CNT_CTRL, commsnd ); /* write the tatch command®/

return { inp{ CHT_O + cntr ) ); /* return the status */
)
return{ -% 3;

" */
’* voig arm_isr(pregs, pisrblk, pmsg) v/
/* */
" */
vola arm_ier/~-.gs, msrbik, pmE3)
ALLREY *pregs; /* al, CPU registers when ISk invokec ¢/
ISRCTRL *pisrblk; /* ptr to [SR control lock */
TSRMSG *pmsg; /* used by dispatcher */
¢
int dummy; /* just that. */
"t orry /* isr version of the int. req., ~eg */
int add_date; /* The input frue the A/D converter -
tong 1Nt tespdats;

static 1nt channe! « 07 /* A/ channe! 1o be converted */

cummy = (pregs < pregs) & (pmeg > pwmsg); /* avoid compiler ERRMSG®,
duwry = (pisrbik < pisrblk);

cas8_state = das8_state | D3 _OQUT HI: /* set ext "in serv¢ flag */
outn( DASR _CONTROL, das8 _state ); /* int. and clear int FfF*/

switeh( irr )
4
case O: printf(% *** ERR: INT SRC INDETERMINATE **%\p%}-
outp({ Pif, SPEC_E0I )/ /* lIssue specific ECI. */
dasd_state = casd_stete & ~D3_OUT_RI; /* clear ext isr Lic %/
outp( DASE_CONTROL, das8_state );
return;

case FRANE: /* Frame clock */

if( end_frame ) /* 1f not interrupting setf:*/

{
+frome; /* Increment frame ¥ vy
end_frame = NO; /% Maintaintend of frame“flg*/
Gas8_state = dasB_state & -03 QUT_XI; /* clear e.t isr bit */
outp{ DASB_CONTROL, dasE ~tate );
sutn{ START_12 BIT, Ox00 »; ,* Start 12-Dit conversion.*/

>

eLse
printf(10in);

ot 2IC, SPEC ECT ); /* Issue soecrfic EQi. %/

ceturng

case A2D: /* An A/D-generated interrupt */
82d_deta = ( inp(A2D_LO_BYTE) >> 4 ) & OxQOF; /* get lo byte %/
82¢_data +x { inp(A2D_k1 BYTE} << 4 ) & OxFFO; /* add hi byte */
a2d_dats -= 0x0300; /* convert offset to 2's compliment */
/* Increment A/D mux channel: */

das8 state = (das8 state & ~Ox07) | ((channel + !) X N_AZD_CHAN);
outp( GASB_CONTROL, das8_state );

l iero= (inp( DAS8_STATUS ) >> &) & Ox03; /* get the int. reqG. reg. */
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switch( channel )
{
case ART P /= Arterial pr ,sure *
tempdata T (long 'NU)K_Brt_D * {long 'nt)eld_oata:
art_press = ( ('nt){temocata/(iong nt)100) - off_ar: p);
if{ ert_press <=0 )
art_press = J:
if{ calflag == 0 ) {
catal a_p_1ndex ! [ar) = art_press;
data base{ a_p i1ndex ! = art_press;

>
else {
dstal a_p index 1{arl = ala_data;
8_p incex = ++s p index X MAX_MEASURED;
break,
>
.* The foliowing cooe cumputes the new =otor velocity in rpm, given the
/. voitage representing the cressure error sigral, 7

motor_v = bp diibp_ind};
dac_v = (int)(((tlong nt)bp diibe_ind] * (long int)aipha} +

. DAMD17-83-C-8018

v/

({long int)mnaiphs * (iong int)beta),; / (lang int}10C);

1f( dac_v < 800 ) cac_v = 8007
Pf( aac_v > 4095 ) aac_v = 40V5;

data{ & p index )lec] = ecg_des{{bp_inorcurrent length-20) X current_ ength];

bo_ind = ++op 1nd X current_length;
tempdata = (long intidac_v * {:1ong int36000;
datai o _p index }[ppl = (int)(tempats , 4095);

a_p index = ++a3 p noer % WAX_MEASURED;

oUtp(DAZO_i!, {gac_v >> &));
oUtP(DACO_LC, {dac_v << &)
outp(DACT_Mi,(motor_v >> &));
outp(DACt_LO, (motor_v << 43);
break;

case CUFF_P:
tempdata = (long 1nt)k_cuff_p * (long int:ald data;
cuf_press = ( (int)(tempdata/{ions 1nt)10C)-0f¢ cuff pj;
if( cuf_press <=0 )
cuf_press = 0;
if( coiflag == 0 ) (
datal ¢_p_index }([cul = cuf press;

)

eise (
dats{ ¢_p index )icul = aia_cata;
¢ _p_index = ++c p index X MAX_MEASURED;
break;

)

¢_p_index = ++c_p index X MAX_MEASURED;
1 sys_check == 0)
{
cuf_press = cuf_press (10 * sys_vaive);
ity cuf_press >= 200 )
(
~+5ys_chelk;
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)
),
eise if( sys check == 1) (
cuf_press = cuf_press - (10 * sys_vaive);
1f( cuf_press <= 150 5 (
++sys_check;
cas8_ctate = des8 state | D2 QUT HI;
ouUtp(DASS_COKTROL,cas3 state);

)
)
else "“{ sys check == RLEED_TIME)
{
cas8_state = dasl _state & ~D2_QUT_HI;
outp(DASE_CONTROL,38s8_state);
++sys_check;
b
elgse if{ sys_checx > BLEED Tie>
(
++sys_check;
cuf_press = cuf_press - (d.as_vaive * 10);
if( cuf_press < 0 ) sys_check = J;
)
else ++sys check;
break;

case VEIN_P:

tempdata = (long 1nt)x_vein_p * (ilong int)a2d_data:
vein press = ( (int)(temodata/(iong int}100) - off_vein D)
if( vein press <=0 )
vein press = C;
if( calfiag == 0 ) (
cats{ v_p index l[ve] = vein _press;
)
eise {
dgstal v p ndex ]ive] = a2d _date;
)
v_p_index = ++v p index X MAX_MEASURED;
break;

case CORE_T:

teapdats = (long int)k_core_t * {long int)a2d date;
core_temp = ( (int)(tespdata/{long int}130) - off core_t);

datal c_t_index }Ico} = core_temp;

¢_t_index = ++c_t_index X MAX_MEASURED;

bresk;

case SKIN_T:

tempxiata = (long int)k_skin_t * (long int)a2d data;
skin_temp = ( (int)(tempdata/(iong int)100) - off_skin_t);

data{ s_t_index ]{sk] = skin_temp;

S_t_1ndex = ++s t_index X MAX_MEASURED;

break;

default: printf( ® CHAN ERR \n" );

b

bresk;

das8_state = das8 state & -03_OUT_HI;
outp( DASS_CONTROL, dasB state );

channel = ++channel;

Q9
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1 chanmne: >z N_A2D CHAX ) /* IF alt A/D channels scamnec: */
{
chernei = 0; /* Reset channet counter */
end_frame = YES; /* Flag end of frame */
L&st_measured = ++igst_measured X MAX_MEASURED;
>
eise {
outd( START_12 8iT, Ox00 ); /*  Sta~t 12-bit conversion.*/
3
outp( PIC, SPEC_EOCI ) /*  .ssue specific EOI */

return;
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